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ABSTRACT 
^ater is tfU most precious naturaC resource for the- sustenance' 
of life on the earth. T/ie primary motivation for the study has 
traditionaCCij Seen its importance as a resource. The mankind since time 
immemoriaC has striven to Cocate and deoelop it. S^Bout ninetyeight 
percent of liquid freshwater avaUaSCe on the earth Cies underground. 
The day is not very far when the freshwater unCC Become the Cimiting 
factor for the overaCCgrowth of human society aCC over the worCd. It 
is therefore essential to improve national and international 
adminis tra tion of wa ter resources. 
India lives in the villages where agriculture forms the main stay 
of life. The irrigated • agricultural economy of the (^anga plain is 
dependent mainly on the aquifer system for continued growth and 
prosperity, however, declining water levels and decreasing water 
supplies threatened the future of irrigation using groundwater alXover 
the (^anga Basin. Ilnder the circumstances only the deeper aquifers hold 
promise for further groundwater dweCopment and accordingly a part 
of the Central Qanga ^lain was selected for the present investigation 
to study the aquifer system their geometry, resource potential and 
quality. 
-Jl river Basin Being a dose system of surface andgroundufater 
forms a perfect ftydrogeoCogic unit. Therefore, various aspect ofioater 
in transit in a Basin can Be quantitatively andquaCitativefy evaluated 
and rational approach regarding d&velopnent and management may 
Be adopted. The area of investigation is Bounded in the u}est By the 
'Kfili river and in the east By the Sot river lohile the trunkjiver ganga 
flows through its centre. O^oreover, the %aii-ganga interftuves is 
traversed By the llpper and Lower ganga Canal network, whereas 
the ganga - Sot interfluves is devoid of canal system. The right Ban^ 
tract faces the water logging situation while the left Ban^traet is Beset 
with declining water level. This duality of the situation, a true 
representative of the Central ganga ^Basin led to the choice of the area 
of investiga tion. 
The study area is a part of the Central gangetic plain a huge 
alluvial tract which forms one of the most potential groundwater 
repositories of India. The area is spreads over 2484.S sqJ(;m and is 
divisiBle into three distinct physiographic units, that is, upland, low 
land and ganga jjlbod (Plains and is drained By the ganga, 9(ali, 9{im-
chhoiya, 9dahawa, 'Bardmar, 'Bagad and Tif^ta rivers udiich flow in 
northwest to southeast direction. 
The morphometeric analysis of the drainage networf^s of the 
study area shows that, the left Ban/<i micro-water-sheds (ganga, 
Od^ahawa-'Badmar-'Bagad-Til^) have higher infiltration rate which 
result in shallow water level while deeper water levels are present on 
the right Banl<:Jract. This is supported By factors, low drainage density, 
high stream length and high mean stream length. 
3 
T/te area fads under the suB-tropicaC climatic zones of India 
•wkich receives an average annuaCrainfattof 70Z.65mm. ^ he sout/ittfest 
mansoon breaks during the second weekj>j %ne and end in September. 
LS'iihipIA.ST ^M ^CC 's imageries were visuatty interpreted 
using coUmr, tej(jure, pattern, drainage, shape, association, etc. and 
accordingly, four geomorpkic units loere delineated and mapped on 
1:150,000 scaCe as Varanasi Older Mluvial Tlain (1^01^9), Migarfi. 
Older Mluvial Tlain (J^OJifP), Terrace Zones (TZ) and the ganga 
^Recent Jtood*Plain (K^fP). 
Siccordingly, the various landforms features delineated in the 
area comprised the abandoned channel, channel scars and meander scars 
tvkich indicate the aggradational activity which must have facilitated 
the river Qanga in migrating -west wards, which is very clearly pickgd 
up through the digital image processing products (Median filter, 
histogram equalisations, intensity, hue and saturation, principal 
component 1 and ffCC of the principal components, ratio images likg-
1/3, 3/1, 1/4, 3/2 etc., ^CC 's of bands-1, Z & 3 and KC 's of bands-
241, 314 and the yCC 's of bands-4, *PC 1,90 2 & 3/4 ratio). 
geologically, the 'Mndeld^nd granite of S\rchean age forms 
the basement which is unconformably overlain by the Zipper 'Uindhyan 
rocl<:s ofllpper Troterzoic age. H^hese Vindhyans underwent erosion 
for long times and on their eroded surface Middle andllpper Siwali/(S 
of 9leogene age were deposited. H^hereafter, the basin subsided as an 
aftermath of the last but violent phase of the ^ Himalayan uplift during 
the Middle ^Pliocene period which was followed by the deposition of 
the Quaternary alluvium. 
;y[ydrogeo(ogicaCCy, ikt area futs a singU aquifer system daum 
to lZOtnS£X. or more vffiich at pCaces is oBserved to Be intercatated 
loitk 2-3 day Beds giving rise to 2-3 - tier aquifer systems. In the top 
aquifer groimdioater occurs under water taBte conditions it^iereas in 
the deeper aquifers groundioater occur under semi-confined to confined 
conditions. ^he pre and post-monsoon depth to xoater level varies from 
4 to l5m.B.g.C. and Z to 14m.B.g.t. respectively, the water IcAfel 
fluctuation ranges Between 0.4 to 2.0m. 'Where the difference in 
fluctuations is controlled By the lithological variation. The et&oation 
of groundwater taBle ranges from 189m. in the northwest to 166m. in 
the southeast aBove the mean sea le/uel (amsi.) which shows that the 
groundwater flow is from northxoest to southeast direction. 
The comparative study of water taBle contour maps and 
piecometric contour map shows that they are almost simitar in pattern 
which indicates that the Central ^anga Basin aquifers are By and large 
interconnected in nature t^. the top aquifers are connected with the 
underlying sem i -confined aquifers. 
The surface water-groundwater interaction studies show that 
the left Bank^ of the ganga river is influent while the degradational 
rigkt Bankjs effluent in nature. 
The pumping test data analyses were carried out where the 
aquifer parameters show that the values of transmissivity range from 
2 
S2Z.29 to 3532.78 m /day, the values of storage coefficient range from 
1.137(^10 tol.S^clO whereas the hydrauGccondictivity values ranges 
from 37Jl to 112£7m/day. 
Tfic chanicaC anaCysis results show that the groundwater in the 
area is potaSCc, sCightCy hard, at(^Cine in reaction, modcratcCy 
mineralised and an aCf^Ci—Bicarhonate type. ^hCowever, the quality of 
the top aquifer water is poor Because of heavy to7(ic trace elements 
concentration which is slightly more than the permissiBle limit, 
1^he groundwater resource evaluation studies r&uealthat the net 
annual recharge has l>een computed a^ 433.63 OdC^' while the net 
annual draft is 252.13 M.C^. thus leaving a Balance of 181.49 
9dC'^- as a utilisaSlc groundwater resource potentials for the future 
derjelopment. 
S\s hydrogeology is interdisciplinary in nature remote sensing 
application techniques have added much in the studies of the landform 
systems and in locating groundwater Bodies. 
The data generated regarding the aquifers, their geometry 
parameters, water resources potentials and quality uHll help for the 
sustainaBle development of the area. 
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CHAPTER-I 
INTRODUCTION 
Water is the most precious natural resource for the sustenance of life 
on the earth. The primary motivation for the study has traditionally been its 
importance as a resource. The mankind since time immemorial has striven to 
locate and develop it. About ninetyeight percent of liquid freshwater available 
on the earth lies underground. The day is not very far when the freshwater will 
become the limiting factor for the overall growth of human society all over the 
world. It is therefore essential to improve national and intemational administration 
of water resources. 
In India, at present about 90 percent of the total water usages goes for 
irrigation. Contribution of groundwater to the total irrigation in India is about 45 
percent.The ultimate feasible groundwater contribution to the imgation potential 
of the country is estimated at 40 million hectares and that of surface water is 73 
million hectares (Karanth, 1987).Withtheincreasein population, industrialisation 
and agricultural extensions, the demand for water is bound to increase. 
Moreover, India will touch a billion mari< population by the turn of the century 
and will require 223 million tons of food grain. 
Necessity of stabilising agricultural production in India required speedy 
development of groundwater resources. Further, with the advent of high yielding 
varieties of wheat and paddy which required assured timely irrigation, made 
groundwater development a people's movement which helped India achieved 
its green revolution. The pace of groundwater development through shallow 
farmer's tubewell accelerated due to availability of credit facility through 
institutional finances which resulted into large scale withdrawal of groundwater. 
The groundwater resource although replenishable is not inexhaustible. There 
are areas where groundwater development has reached critical stage, due to 
improper well spacing and adverse effect are imminent. More than 90 percent 
of the dugwells in the villages all over the Ganga basin have gone dry due to 
the rapidly falling water level of the top aquifers. The only exception to this are 
the canal command areas where the excessive seepage through the unlined 
canal beds has generated water logging conditions. The present scenario is 
that of declining water table on one hand and water logging on the other, 
which require recharge of the depleting aquifer and lining of the canal networks. 
One of the largest repositories of groundwater in India is the Ganga 
basin. The Ganga basin extends from Delhi - Hardwar ridge in the northwest to 
Monghyr - Saharsa ridge in southeast. It occupies a structural trough, bounded 
by the Himalayan Frontal fault (Nakata, 1989) in the north and Peninsular Fringe 
Fault in the south, the origin of which is related to the final phase of the Himalyan 
orogeny The basin is undertain by the Quaternary alluvium comprising alternate 
clay and various grades of sand beds.The thickness of the sediments increases 
from south to north and the basin slopes due southeast (Krishnan, 1968). 
The basin is divisible into three distinct hydrogeologic units: the Bhabar, 
Tari and the central Ganga plain. The Bhabar is 6 to 10 km wide, elongated and 
steeply sloping belt comprising the composite alluvial fans consisting of boulder 
cobbles, pebbles, gravels mixed with coarse sand which is highly transimissive. 
The groundwater occurs undenvater table condition and depth to water varies 
from 40m.b.g.l. close to the foot hills in the north while it cuts the land surface 
as spring line due south. It is immediately followed, due south by the gently 
sloping Tarai, a 5 to 15km wide artesian belt sub-parallel to the Bhabar. The 
Tarai, consists of sand, gravel and some pebbles intercalated within thick clay 
beds. The Tarai further south imperceptibly with merges the Central Ganga 
Plain (G.G.R). The sediments of the C.G.P. are made up of fine gravel, sand. 
silt and clay. Individual aquifers vary in thickness from few meters to as much 
as 300m and are extensive and interconnected on a regional scale although 
they pinch or swell locally. (Karanth, 1987). The water table occurs at shallow 
depth of less than 10m. The groundwater in deeper aquifers is semi-confined 
or confined. Thousands of shallow and deep tubewells have been constructed 
during the past three decades. Tubwells of 200m. depth tapping 20 to 50m. of 
aquifer zones yield 100 to 300 m /^h for 6 to 10m. of drawdowns. The groundwater 
in general is fresh. 
Recently, Khanna (1991) studied the hydrogeology of Budaun district 
and according to him the aquifer zones underlying the top clay bed persists in 
almost the entire district. Further, all the clay beds occurring in the depth range 
of 73 to 131 m.b.g.l. pinch out towards west and north direction but in the south 
central part of the district, thin and relatively thick day beds predominate dividing 
the single aquifer into three to six - tier aquifer system. He has very clearly 
described the aquifer system as a heterogeneous and anisotropic but has not 
mentioned any aquifer parameter. 
Another, hydrogeologist from Central Ground Water Board (C.G.W.B.) 
carried out investigation of Moradabad district in 1992 and mentioned that 
groundwater zones predominate the impermeable horizons. He correctly 
observed that one single aquifer extended down to 180m depth in the eastern 
and slightly over 100m in the westem part of the district close to the river Ganga. 
Another officer of the C.G.W.B., carried out groundwater investigation 
of Bulandshahrdistrict(1994) and has mentioned in his report that there occurs 
a single aquifer system down to 140m except at places where this aquifer is 
found interleaved with various clay beds which gives rise to three to four tier 
aquifer system. The thickness of aquifers at such places vary from 20 to 47m 
and the yield of the wells varies from 50 to 180mVh for economic drawdowns. 
The transmissivity of the aquifer system ranges from 167mVday to 1028mVday 
and the storage coefficient values vary between 3.1 X10* to 1.9 X10^ depicting 
an unconfined to semi-confined conditions. 
All the above previous worl<s with the only exception of Bulandshahr 
district, pertain to a macro - level investigation which give an appreciable but a 
generalised informations regarding the aquifers system and the prevailing 
groundwater situation in Moradabad and Budaun districts of the Central Ganga 
Plain. 
However, the previous investigation no doubt provide a wealth of 
information, but without continuity across the district boundaries. 
For developing an understanding of the hydrogeologic framework of 
the Central Ganga Plain aquifer systems what is needed most is the unified 
picture of regional aquifer systems transecting the district boundaries. 
India lives in the villages where agriculture forms the main stay of life. 
The irrigated - agricultural economy of the Ganga plain is dependent mainly on 
the aquifer system for continued growth and prosperity However, declining water 
levels and decreasing water supplies threatened the future of irrigation using 
groundwater all over the Ganga basin. Under the circumstances only the deeper 
aquifers hold promise for further groundwater development and accordingly a 
part of the Central Ganga Plain was selected for the present investigation to 
study the aquifer system their geometry, resource potential and quality 
As hydrogeology is interdisciplinary in nature remote sensing application 
techniques have added much in the studies of the land form systems and in 
locating groundwater bodies. 
A river basin being a close system of surface and groundwater forms a 
perfect hydrogeologic unit. Therefore, various aspect of water in transit in a 
basin can be quantitatively and qualitatively evaluated and rational approach 
regarding development and management may be adopted. The area of 
investigation is bounded in the west by the Kali river and in the east by the Sot 
river while the trunk river Ganga flows through its centre. Moreover, the Kali-
Ganga interfluves is traversed by the Upper and Lower Ganga Canal networks, 
whereas the Ganga - Sot interfluves Is devoid of canal system. The right bank 
tract faces the water logging situation while the left bank tract is beset with 
declining water level. This duality of the situation, a true representative of the 
Central Ganga Basin led to the choice of the area of investigation. 
LOCATION, EXTENT AND COMMUNICATION 
The area of investigation falls in the survey of IndiaToposheet no., 53 
l_/3, 4, 7, 8, 10, 11 & 12 and lies between latitude 28°5' to 28°35' north and 
longitude 78°04' to 78°35' east. The study area spreads over 2484.5 sq.Km. 
which lies in parts of Bulandshahr, Budaun and Moradabad Districts of Uttar 
Pradesh (Fig. 1).The area is well connected by roads and railways from Aligarti 
and Delhi. 
AIMS AND OBJECTIVES 
In persuances of the above the investigation was carried out in Kali -
Ganga and Ganga - Sot sub-basin of the Central Ganaga Plain as a part of the 
Ph.D. programme with the following objectives; 
1. To decipher regional aquifer system, their geometry, and their aquifer 
parameters. 
2. To study the movement of groundwater and long term behavior of water 
level in space and time. 
F i g . 1 : Location Map. 
3. To evaluate groundwater resources of a part of central the Ganga basin 
and to demarcate areas for furtfier development. 
4. To study the hydrochemistry of ground water of shallow and deep aquifer 
as well as surface water and their suitability for various uses . 
SCOPE OFTHE PRESENTWORK 
The landform system analyses, land and water use patterns, geology, 
hydrogeology, hydrochemistry and water resource evaluation studies of a part 
of the Kali-Ganga-Sot sub - basin of the Central Ganga Basin have been 
described under the present studies to provide a quantitative data base for the 
sustainable development of the basin. 
Climatologically, the area lies under the sub-tropical climatic zones of 
India, which experiences hot summer and chilly winter where the average annual 
rainfall is recorded 702.65mm. The rainfall is the chief source of recharge to 
groundwater bodies, besides canal seepage and irrigation retumflow. 
The application of remote sensing techniques have helped in delineating 
the various landform features such as palaeo-channels, meander scars, point/ 
channel bars, channel scars, etc. resulting in fourgeomorphic zones; Varanasi 
Older Alluvial Plain, Aligarh Older Alluvial Plain, Terrace Zones and the Recent 
Flood Plain of the Ganga river. Moreover, the digital image processing 
techniques have helped in narrowing the focus for groundwater targeting through 
deciphering the palaeo-channels, and the high moisture content zones. 
Nevertheless, the morphometric analysis of the drainage network proved its 
importance in understanding the groundwater conditions of the study area. 
Geologically, the Bundelkhand Granite of Archean age forms the 
basement which is unconformably overlain by the Upper Vindhyan rocks of 
Upper Proterzoic age. These Vindhyans underwent erosion for long times and 
on their eroded surface Middle and Upper Siwaliks of Neogene age were 
deposited.Thereafter, the basin subsided as an aftermath of the last but violent 
phase of the Himalyan uplift during the Middle Pliocene period which was 
followed by the deposition of the Quaternary alluvium. 
Hydrogeologically, the area has a single aquifer system down to 
120m.b.g.l. or more which at places is observed to be intercalated with 2-3 
clay beds giving rise to 2-3 - tier aquifer systems. In the top aquifer groundwater 
occurs under water table conditions whereas in the deeper aquifers groundwater 
occur under semi-confined to confined conditions. The pre and post-monsoon 
depth to water level varies from 4 to 15m.b.g.l. and 2 to 14m.b.g.l. respectively, 
the water level fluctuation ranges between 0.4 to 2i)m. Where the difference in 
fluctuations is controlled by the lithological variation. The elevation of 
groundwater table ranges from 189m. in the northwest to 166m. in the southeast 
above the mean sea level (a.m.s.l.) which shows that the groundwater flow is 
from northwest to southeast direction. 
The comparative study of water table contour maps and piezometric 
contour map shows that they are almost similar in pattern which indicates that 
the Central Ganga basin aquifers are by and large interconnected in nature i.e. 
the top aquifers are connected with the underlying semi-confined aquifers. 
The surface water-groundwater interaction studies show that the left 
bank of the Ganga river is influent while the degradational right bank is effluent 
in nature. 
The pumping test data analyses were carried out where the aquifer 
parameters show that the values of transmissivity range from 522.29 to 3532.78 
m /^day, the values of storage coefficient range from 1.13 x 10-^  to 1.5 x 10-^  
whereas the hydraulic conductivity values ranges from 37.31 to 112.87 m/day. 
The chemical analysis results show that the groundwater in the area is 
potable, slightly hard, alkaline in reaction, moderately mineralised and an alkali 
- bicarbonate type. However, the quality of the top aquifer water is poor because 
of heavy toxic trace elements concentration which is slightly more than the 
permissible limit. 
The groundwater resource evaluation studies reveal that the net annual 
recharge has been computed as 433.63 M.C.M. while the net annual draft is 
252.13 M.C.M. thus leaving a balance of 181.49 M.C.M. as a utilisable 
groundwater resource potentials for the future development. 
In view of the declining water table in the Ganga-Sot interfluves it is 
suggested that a network of recharge canal be constructed to keep the 
withdrawal of groundwater in balance with the average annual recharge. 
METHODOLOGY 
Remote sensing data in conjunction with conventional and ground truth 
data have been used to decipher the groundwater conditions in the study area. 
However, remote sensing data offer accurate and up-to-date information for 
mapping the natural resources and monitoring different changes in different 
scales. 
In the present study two LANDSATTM, FCC's (False Colour Composite) 
data of Bands-2, 3 & 4 (Path- Row: 146-040 & 145-041) have been used on a 
scale of 1:250000 having a resolution of 30m and corresponds to 9th May 
1991 and 2nd April 1989 respectively. Base map was prepared using survey of 
India toposheets and the visual interpretation of the TM FCC's data was done 
to generate different themes such as geomorphology, drainage system, landuse 
maps etc., depending on the photo and geotechnical recognition elements 
such as tone, texture, pattern, shape, Land form, landuse and association etc. 
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Morphometric analysis was carried out which depict the basin 
characteristics that affect runoff and the nature of streams In that region as it is 
a function of the hydrologic input, physical and climatic characteristics. 
However, systematic groundwater survey was carried out, supported 
by laboratory investigation to generate a quantitative data base on 
hydrogeological parameters and hydrochemistry; 
Evenly spaced 201 observation well networks were established all over 
the area to monitor the pre-monsoon (June) and post-monsson 
(November) water level for the year, 1994 & 1995 respectively. 
Key observation wells (Hydrograph stations) water levels were collected 
for 10 years from the State Groundwater department, in order to study 
the long term variation of water level in space and time. 
The aquifer material (sand samples) were collected from various drilling 
sites as well as from the two banks of the Ganga river through trenching. 
The materials were mechanically analysed and the data obtained were 
plotted on grading curves and various parameters, like, effective grain 
size, uniformity coefficient and hydraulic conductivity were determined. 
Pumping tests were conducted at two different sites on both banks to 
determine the aquifer parameters which includes, storativity transmissivity and 
hydraulic conductivity 
Water samples were collected from different hydrogeologic structures 
(i.e. dugwells, shallow and deep tubwells) to depict the vertical and lateral 
variations in groundwater quality. Moreover, water samples from surface water 
bodies (i.e. rivers & canals) were also collected to study the inter-relationship 
with groundwater. One group of samples was kept for physical properties and 
major elements analysis, while the other was immediately acidified in the field 
with 10ml. 6N HNO3 and kept for trace element studies. 
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Lithological logs of deep tubewells in the area were collected and fence 
diagram and various cross-sections were prepared to decipfier tfie 
aquifers disposition. 
Various maps like pre and post-monsoon depth to water level maps, 
water level fluctuation maps, water table contour maps and plezometric 
surface map were prepared from the hdyrogeological data of the 
dugwells and tubewell respectively. 
The water samples were analysed for major and trace elements to 
determine its quality for domestic, irrigation and industrial uses.Trilinear 
diagram was prepared to decipher various hydrochemical fades for deep 
and shallow aquifers as well as surface water bodies. 
Concurrence and synthesis of the remotely sensed data and the 
hydrogeolocial data was attempted to generate a model for groundwater regime 
of the Kali-Ganga-Sot sub-basin presented in the present thesis at hand. 
For further detailed studies, digital image processing techniques was 
also carried out using IRS-1B LISS II floppy diskette with subscene A1 of the 
scene (path - Row: 28-48) and spatial resolution of 36.25 m dated 13th May 
1996. However, this work was earned out at the Regional Remote sensing 
Service Centre (RRSSC), Dehra Dun using EASIPACE image Processing 
system and at Remote Sensing Centre, A.M.U., Aligarti using WINDOW.NT 
(Base Imager Micro Station). The window selected of 512 X 1024 pixels is 
representative of the entire Quaternary sequence comprising Older and Younger 
alluvial plains and the flood plain deposits and their hydromorphogeological 
zones in the study area. Different band combinations were generated like, single 
bands linear stretch, filtering, histogram equalization, principal component (PC) 
analysis, Intensity due saturation (IMS) transfomiation and band ratioing, FCC's 
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as well as Image classification (Landuse map). The output is in the fomi of 
photographs which help in the final interpretation. 
HISTORY OF GOUNDWATER RESOURCE EVALUATION 
There is no doubt that the demand for groundwater for various uses, 
will continue to grow, so that possibly knowledge of its hydrology will also continue 
to augments (Bowen, 1980). Groundwater developments dates from ancient 
times (Biswas, 1970), the excavations at Mohanjodaro reveal brick-lined dugwells 
existing as early as 3000B.C. during the Indus valley civilisation (Raghunath, 
1990). The Old Testament, the Bible and the Quran contain references to 
groundwater, spring and wells. Besides dugwells groundwater was supplied 
from horizontal wells known as Kanats (Todd, 1980) in Egypt and Iran as early 
as BOOB.C. Groundwater was obtained from wells and tunnels to supply Athens 
in the fifth century B.C. The Romans managed to consume, possibly 10Omillion 
gallons daily However, there is no doubt that, the mechanics and other aspect 
of flow were only in part understood by Archimedes (Bowen, 1980). 
Utilisation of groundwater greatly preceded understanding of its origin, 
occurrence and movements. Aristotle believed that springs result from 
condensation of air into water in cold, subterranean caverns. However, the 
Roman architect Vitruvius understood infiltration of precipitation and its 
subsequent percolation and frequent emergence at mountain bases as streams 
(Todd, 1980). The earlier idea that rainfall was insufficient to account for springs 
was refuted by pierre perrault in 1674 as a result of his measurements in the 
upper Seine drainage basin. A contemporary physicist, Edme Mariotte (1620-
1684), confirmed this findings and O.E. Meinzer has said of Mariotte as the 
founder of groundwater hydrology (Todd, 1980). Edmund Halley (1656-1742) 
later demonstrated that marine evaporation can easily account for all spring 
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and rivers flow. (Bowen, 1980). 
The series of development between 1856 and 1955 which helped to 
establish the principle of groundwater resource evaluation as a quantitative 
science were described by Ferns and Sayre (1955). The French hydraulic 
engineer Henry Darcy (1856) did experimental work on the flow of water in 
sands and derived a formula known as Darcy's Law, which expresses the 
relationship between velocity of percolation, permeability of water-yielding 
materials and the hydraulic gradient. Darcy's law serves as the basis for 
numerous quantitative methods in groundwater resource evaluation. Moreover, 
it has even been used by bioscientists to describe the flow of bodilyfluids across 
porous membranes in the body; the moisture in the retina of the eye obeys 
Darcy's law (Freeze, 1975). Dupuit (1863) was the first scientist to develop a 
steady-state formula forthe flow of water into a well. A.Thiem (1870) developed 
equations for flow toward wells and galleries. Forchheimer (1886) introduced 
the concept conformal mapping and the construction of flow nets, the method 
of images, and the theory of functions of the complex variable. He was the first 
to solve the problem of groundwater flow in a semi-infinite water-yielding 
formation bounded by a perennial stream and the problem of well discharging 
from a water-yielding that is supplied by uniform recharge. Badon Ghyben (1889) 
established the laws of equilibrium between sea water and fresh groundwater. 
Slichter (1898) showed the relationship between grain size of rocks and 
permeability, and the motion of groundwater. Chamberlin (1885) defined the 
requisite geologic controls necessary to the occurrence of artesian wells. 
Detailed information on the relation of head to groundwater movement was 
presented by king (1892). 
G. Thiem (1906) developed a field method for determining permeability 
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of water-yielding formations and tfie rate of flow of water, using pumping well 
and the resultant drawdown in observation wells. Norton (1906) extended tfie 
steady-state formulas of Slicfiter to provide a mettiod for determining the proper 
depth and spacing of tile drains. 
Meinzer (1923) evaluated early studies on the framework of principles 
and methodology for investigation of the occurrence and distribution of 
groundwater and provided the first manual for groundwater hydrologists. 
The water logging of lands was investigated by Gardner et al. (1928), 
Israelsen and McLaughlin (1935) and Kirkham (1945), who analysed the 
hydraulics of flow toward drains overlying artesian water-yielding formations. 
The work of Hopf and Trefftz (1921), Pavlovsky (1922), Kozeny (1933), Undquist 
(1933), Hamel (1934), Muskat (1935), Verdernikov (1934), Meleschenko (1936) 
and Vreedenburgh and Stevens (1936) greatly expanded the development of 
solutions for two and three - dimensional flow toward canals drains. 
De Glee (1930) provided a solution to the problem of a steady flow 
toward a well in a leaky artesian water-yielding formation replenished by an 
overlying water-yielding formation. Lewis (1932) provided the first practical 
solution for steady radial flow to a well in a water-yielding formation receiving 
steady, uniform recharge. The distribution of potential about a partially 
penetrating well was analysed by Forcheimer (1930), Kozeny (1932), Muskat 
(1932) and Hantush (1964). Methods for determining the entrance losses in a 
pumped well were described by Kano (1939), Jacob (1947), Rorabaugh (1953) 
and Engelund (1953). Methods for estimating groundwater recharge or 
discharge form changes in groundwater storage were devised by Smith (1924), 
White (1932), Meinzer (1928) and Williams and Lohman (1949). One of the 
most important milestones in the development of groundwater resource 
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evaluation was Theis (1935) introduction of an equation for the non-steady 
state flow to a well. 
In the last four decades or so there has been a phenomenal growth In 
our understanding of groundwater motion and well hydraulics in a variety of 
geological frameworks from the publication of M.S. Hantush, W.C.Walton, N.S. 
Boulton, M.I. Rorabough, R.W. Stallman, J.G. Fersis and others. Interpretative 
techniques have been speeded up with the induction of digital computers which 
are becoming indispensable to solve complex problems related to groundwater 
hydraulics and management of water resources in general, and of groundwater 
in particular. 
In the past few decades, groundwater exploration has evolved on its 
own to cater to variety of specific problems related to groundwater. The advent 
of remote sensing techniques in the last few decade has added a new tool to 
the techniques of exploration. Isotop techniques are being increasely applied 
to groundwater studies to determine recharge rates and residence time of 
groundwater in the aquifer (Karanth, 1993). During the past three decades 
hydrogeology has taken firm roots as specialised disciplines and there is a 
surge in university research on groundwater problems. Moreover, the 
establishment of professional consulting firms specialising in water resources, 
and the advent of the digital computer have jointly produced a competence for 
development and management of groundwater resources that was nonexistent 
heretofore. 
Finally, population explosion and rapid urbanisation have led to the 
substantial increase in groundwater withdrawals in almost every country of the 
world. The vulnerability of groundwater to overuse and water quantity 
degradation is bound to be there. In the coming decades, as much attention 
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will be paid to water quality preservation and.resource conservation as to 
resource development, it is pleasing to note that significant advances have 
been made in almost all phases of groundwater technology in recent years. 
Enhanced understanding of the groundwater environment, new geophysical 
exploration techniques, advances in well drilling methods, improved drilling fluid 
additives and screen designs, the development of groundwater quality 
monitoring technology and remarkably effective new water treatment methods 
are just some examples (Fletcher, 1987). 
CHAPTER-II 
PHYSIOGRAPHY AND DRAINAGE 
Topographically, the study area forms a part of the Central Ganga Plain 
which spreads over the two banks of the river Ganga and Is bounded by the 
Sot river in the east and by the Kali river on west. 
Sambhal, the famous old town, is located on the older alluvium. The 
area lying west of Sambhal town is almost a monotonous plain striking northwest 
to southeast which gradually merges with the left bank of the river Ganga. The 
right bank comprises stiff yellow clay mixed with calcareous concretion which 
stands like vertical wall with a sudden drop of about 30m and has remained as 
such since past one hundred years. The right bank which is under erosion 
forms the upland area comprising the older alluvium. Further west, it attains 
height and gradually slopes due west towards the Kali river. 
The area has marked slope from northwest to southeast which ranges 
from 200m.a.m.s.l. in the northwest to 168m.a.m.s.l. in the southeast giving an 
average fall of 0.5 m/km which governs the drainage in the area. Apparently, 
the plain as such looks monotonous level expanse but on a close observation, 
the area presents a remarkable diversity of physical features; upland, lowland 
and active channel of the river Ganga. Based on these features the area has 
been sub - divided into the following three distinct physiographic units (Fig. 2): 
1. Upland. 
2. Lowland. 
3. The Ganga River Flood Plain. 
UPLAND 
The upland is located on the two sides of the river Ganga comprising 
the highest elevations. Moreover, it acts as water-shed between the Ganga 
and Kali rivers on the right bank and between Tikta and Sot rivers on the left 
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F i g . 2 : Phys iographyic Map of the Area. 
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bank. The soil is loamy to sandy soil with alternate saline/alkaline patches 
(Fig. 3). The western margin of the eastern upland suddenly slopes due west 
with an elevation difference of 3 to 6 m. with the lowland which finally merges 
with the Ganga flood plain while the eastern upland margin attains elevation 
due east and further slopes towards the Sot river. The Ganga-Kali upland 
slopes due west towards the Kali river and due east towards the right bank of 
the river Ganga. 
LOW LAND 
This tract stretches due north to south sub-parallel to the river Ganga 
and extends due west to the low lying left bank of the river Ganga. 
This stretch is divided into two parts by the Mahawa river. The eastern 
one is occupied by an irregular chain of swamps lying at the foot of the upland 
ridges throughout its length from north to south. The westem one is occupied 
by saline/alkaline soil patches. The soil is clayey loam and moistured in nature. 
THE GANGA RIVER FLOOD PLAIN 
This tract occupies the central part of the study area and comprises the 
river channel, recent flood plain (To), abandoned channels of the river. As whole, 
the area is subjected to inundation during the rainy seasons by the Ganga river 
and its various tributaries. The soil is loamy to clayey loam which has been 
subjected to cultivation and supports good wheat and sugar cane crops. 
CLIMATE AND RAINFALL 
The climate of the area is characterised by a cold winter with minimum 
temperature 8.60°C and hot summer with maximum temperature of 40.50°G 
and generally dry except during southwest monsoon when humidity is high. 
The monsoon breaks in the second week of June and ends in 
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Fig.J: Soil Map of the Area (Interpretation 
from LANDSAT TM FCC's Imageries) 
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September, with scanty winter raining. July and August being peak monsoon 
months which receive about 80% of the total rainfall. The average annual rainfall 
is about 702.65 mm. 
AREAL DISTRIBUTION OF RAINFALL 
TTie Isohyta I map (Fig. 4) shows that the Intensity of the rainfall decreases 
west ward. The left bank of the river Ganga receives more than 900 mm rainfall 
which gradually decreases to 550 due west, close to the river Yamuna. 
LAND USE PATTERN 
Statistics regarding the land use pattern in the area is given In table-1. 
Out of the total area of 2484.5 sq.km, 64.86% Is under cultivation of which 
86.05% is sown more than once. The total Irrigated area is 1511.42 sq.km out 
of which 79.90% is irrigated by groundwater and 20.10% is irrigated by surface 
water sources. An area of 40.58 sq.km is covered by forest and 122.25 sq.km 
is a wasteland (Fig. 5). 
WATER USE PATTERN 
The use of groundwater has escalated significantly world wide since 
1960 (Fletcher, 1988). Out of the total water resources of the study area 20.10% 
is derived from the surface water source and 79.9% from the groundwater 
sources. (Fig. 6a) 
At present 85% of the total groundwater resource is used for irrigation 
10% for domestic water supply and 5% for livestock etc. (Anon, 1992, 1994) 
(Fig. 6b). 
DRAINAGE 
The Central part of the study area is drained by the Ganga river and its 
various abandoned channels which later turn into epernial rivers which flow 
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sub-parallel (Yazoo pattern) to it such as Sot, Tikta, Bagad, Mahawa and 
Bardmar on the left bank, Kali and Nim-Chhoiya rivers on the right bank 
(Fig. 7). 
Ganga River 
The river Ganga flows with a very wide valley and carries huge discharge 
during the peak flood period. Its right bank is abrupt which forms a 30m high 
vertical wall which has t)een standing since past 100 years. This bank is erosional 
in nature. The channel migration is seen from east to west. In comparison to its 
left bank which is sandy in composition, the right bank is composed of yellow 
clay mixed with calcareous concretions. 
The ground truth checking of the image was carried out near Ahar, 
Anupshahr, Ramghat, Mirzapur, Danda, Asadpur which indicate the 
development of bluff on the western bank where the river is cutting through its 
own older flood plain and has covered relative relief of 20m to 30m. However, 
the boundary of the channel and the western bank is abrupt and ravenous 
(Plates-1 & 2). 
The Left Bank Rivers 
Among streams traversing the eastern uplands. Sot forms the eastern 
boundary of the study area and flows 10 km east of Sambhal while the Tikta, 
Bagad, Mahawa and Bardmar flow about 20km west of Sambhal town. The 
important among them are only Sot and Mahawa. 
Sot rise in a depression to the west of Amroha of the Moradabad district. 
It is a perinnial stream and flows in a south-easterly direction through the 
Sambhal upland. The river flows in a deep and clearly defined bed, and seldom 
does much damage to the land in its neighbourhood. In its lower reaches the 
descent becomes more abrupt and the gradual slope is replaced by ravines. 
F i g . 7: Drainage Map of t h e Area . 
Plate - la: The Ganga River, 
(Up-stream) 
Plate - lb: The Gangc River, 
(rlown s t r e a m ) 
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Mahawa flows in a direction roughly parallel to the Ganga river. But 
below the village Rajpura it bends sharply to the east and thereafter it maintains 
a south-eastly course and finally joins the river Ganga on its down stream side. 
The Mahawa is nothing but a local drain which some times developed wasteland 
as well as depositing a coarse gravel and sand (Plate-Z). 
Tikta stream rises in north of Hasanpurtown in district Moradabad and 
flows below the sandy upland of Rajpura till it joins the Mahawa at Bhogajit 
Nagarria in Budaun district. The Tikta also carries off the drainage from chains 
of swamps into the Mahawa. 
Bagad is one of the Mahawa tributaries which originates from a deep 
morass four miles south of Azampur and joins the Mahawa at Garha in Budaun 
district. This stream holds water through out the year. 
Bardmar is a small stream which passes through the area between the 
Ganga and the Mahawa and joins the Mahawa near Pusauli. It contains water 
only during rainy season. 
The Right Bank Rivers 
The Nim and Chhoiya are highest order streams which drain the 
interfluves of the Ganga-Kali rivers. The Nim river originates around Siyana 
block and is joined by the Chhoiya river at its left bank near Dibai town. During 
the rain Chhoiya river carries off good deal of water from the area in its vicinity 
and remains dry during the summer, but the Nim is a perennial river and provides 
water for irrigation to the low land around its banks. The Nim joins Kali at Hindaure 
in Etah district. 
The Kali River 
The Kali river originates in Muzaffarnagar and passes through Meerut, 
Ghaziabad and Bulandshahrdistricts from the north direction.The valley through 
Plate - 2: The Mahawa River, 
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which it flows is one metre deep and about ten metres wide. The river is perennial 
but not navigable. The volume of water increases by the surplus water from the 
Upper Ganga Canal. The water of the river is used for irrigation only around the 
low lands. The Kali finally joins the Ganga in Farrukhabad district. (Plate 3)-
MORPHOMETRIC ANALYSIS 
Every river appears to consist of a main trunk fed from variety of 
branches, each running in a valley proportional to its size and all of them together 
forming a system of valleys (Norton, 1945). However, in a drainage basin, a 
land surface within the limits of the basin perimeter constitutes a system 
boundary (Chow, 1961), whose morphometric parameters reflect the lithological 
as well as the relief characteristics of the surface and subsurface basements. 
The drainage is controlled by climate, rainfall, lithology, slope, topography 
etc. (Melton, 1958). However, the study of drainage morphometry is important 
as it plays a vital role in groundwaterstudies, water-shed management, irrigation 
planning and industrial development of an area. 
In general, any rainfall is accompanied by infiltration of water into soil to 
the under groundwater under influences of gravity in which the infiltration 
depends on the physico-mechanical properties of the soil, nature of plants 
cover, duration and intensity of the rainfall, slope, etc. 
However, the remote sensing techniques using satellite imageries is a 
convenient tool in morphometric analysis of a drainage basin, which helps in 
the prediction of groundwater availability for exploration. Thus, the following 
parameters have been worked out which include: 
1. Stream number. 
2. Stream order. 
3. Bifurcation ratio. 
4. Stream length. 
Pla te 3: The Kali River, 
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5. Mean Stream length. 
6. Stream lengtti ratio. 
7. Drainage Density. 
8. Stream frequency. 
9. Torocity ratio. 
10. Elongation ratio. 
11. Circularity ratio. 
12. Infiltration ratio. 
13. Form Factor. 
The integration of linear and areal aspects of basin has been tal<en into 
consideration and it's details are as follows; 
V 
I. Linear Aspects 
The linear aspects include the measurement of the length and order of 
each stream, from which the following parameters have been calculated: 
1- Bifurcation Ratio (Rb) 
The bifurcation ratio is the ratio between the number of segments of a 
given order (NJ to the number of segments of the higher order (N^,). 
2- IVIean Stream Length (ML) 
The mean stream length is the ratio between the cumulative stream 
length and stream number, thus, it reveals the characteristic size of the 
components of a drainage network and its contributing basin surfaces. 
II. Areal Aspects 
The areal aspects deal with the geometric variables of the basin, which 
can be indicated by the following parameters; 
1-Area of the Basin 
The area is measured planimeterically from a map or imagery and 
photograph on which the perimeters have been outlined for each order. 
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The relationship of basin area with respect to other variables such as 
order, channel slope, channel width and stream length, would apply by direct 
proportionality to average annual discharge as well (Strahler, 1964). 
2- Form Factor (Rf) 
Horton, (1932), established this term in which he has expressed it as a 
dimensional ratio of basin area to the square of basin length. 
The shape and the outline form of a basin which is normal pear shape 
may affect stream discharge characteristics. If we have a long narrow basin 
with high bifurcation ratios we can have attenuated flood discharge, whereas 
rotund basins of low bifurcation ratio would have sharp peaked flood discharges 
(Strahler, 1964). 
3- Circularity Ratio (Re) 
This term has been established by Miller, (1953), which is the ratio of 
the basin area to the area of a circle having the same perimeter as the basin. 
4- Elongation Ratio (Re) 
Schumm, (1959), defined the elongation ratio as the ratio of diameter 
of a circle of the same area as the basin to the maximum basin length. 
Both, circularity and elongation ratio affect the infiltration behavior of a 
basin area. In a basin if we have higher circularity and elongation ratios 
associated with low relief we can have more chances of increasing the infiltration 
to the sub-soil. 
5- Drainage Density (D) 
The drainage density is one of the most important parameter, which 
can be expressed as the closeness of spacing of channels. Mathematically, it 
is expressed as the ratio between the cumulative length of stream to the area 
of a basin. 
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The higher drainage density values indicate more runoff and less 
permeability, while low drainage density indicates less runoff and more 
permeability (Strahler, 1964). 
6- Stream Frequency (F) 
The stream frequency is the number of stream segments per unit area. 
The stream frequency is the measure of the texture of the drainage network. 
Melton (1958), studied the relation between the drainage density and 
the stream frequency and he found out the following relation; 
F = 0.694 D^  
where, F is the frequency and D is the drainage density 
The result of the above parameters is given in table-2. 
A perusal of the table shows that the bifurcation ratio values in all micro-
water-sheds is low which indicates low run off and high permeability. This is 
also supported by low drainage density which favours regions of highly 
permeable sub-soil, dense vegetation cover and low relief. Also, circularity 
and elongation ratios support homogeneous geologic material and low relief 
respectively 
The Plots of stream order against stream number (Fig. 8a) show a strong 
negative correlation and corroborate well with Morton's (1945) First law of stream 
number. However, in all the four micro-water-sheds, the increase in stream 
order is followed by decrease in the stream number. The plots of the stream 
order against the mean stream length (Fig. 8b) show a clear positive correlation 
in all the four micro-water-sheds and also support the Morton's (1945) law of 
stream length. 
The area of a basin with respect to order, channel slope, channel width, 
2 3 
S t ream Order 
2 3 
Stream Order 
Fig.8: (a) Plots of Stream Order Against 
Stream Number. (b)Plot of 
Stream Order Against the Mean 
Stream Length. 
Table-2: Morphometric Analysis of the Micro-Water-Sheds: 
Drainage 
Parameters 
Stream Order/ 
Stream Number 
Total Stream Number 
Bifurcation ratio: 
lst/2nd order 
2nd/3rd order 
3rd/4th order 
4th/5th order 
Stream length: 
1st order 
2nd order 
3rd order 
4th order 
5th order 
Total Stream Length 
Mean Stream Length 
1st order 
2nd order 
3rd order 
4th order 
5th order 
Stream Length Rato: 
2nd/lst order 
3rd/2nd order 
4th/3rd order 
5lh/4th order 
Perimeter (km) 
Basin Length (km) 
Area (Sq. km) 
Drainage Density 
Stream Frequency 
TorOcity Ratio 
Elongation Ratio 
Circularity Ratio 
Infltration Number 
Form Factor 
Ganga 
1/54 
2/23 
2/5 
4/1 
-
83 
2.35 
4.6 
5.0 
-
79.75 
71.25 
13.5 
71.75 
-
236.25 
1.5 
3.1 
7.7 
71.75 
-
2.1 
0.87 
26.6 
-
196.75 
76.5 
315.75 
0.75 
0.26 
0.42 
1.22 
0.103 
0.2 
0.052 
Mahawa-Bardmar 
-Bagad-Tikta 
1/65 
2/26 
3/9 
4/2 
. 5/1 
103 
2.5 
2.9 
4.5 
20 
127.5 
182.0 
43.25 
38.75 
26.0 
417.5 
1.9 
7.0 
4.81 
19.4 
26 
3.6 
0.69 
4.03 
1.34 
170.75 
70.00 
514.40 
0.81 
0.20 
0.60 
1.29 
0.22 
0.16 
0.10 
Nim-Chhoiya 
1/20 
2/4 
3/1 
-
-
25 
5.0 
4.5 
-
-
92.25 
66.75 
88 
-
-
24.7 
4.61 
16.69 
88.00 
-
-
3.62 
5.27 
-
-
201.5 
76.25 
503.5 
0.50 
0.05 
0.12 
1.20 
0.16 
0.025 
0.087 
Kali 
1/10 
2/3 
3/1 
-
-
14 
3.33 
3.0 
-
-
37.0 
32.25 
34.25 
-
-
103.5 
3.7 
10.75 
34.25 
-
-
2.90 
3.20 
-
-
148.5 
52.25 
216.5 
0.50 
0.07 
0.097 
1.11 
0.12 
0.035 
0.077 
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channel length would apply, by direct proportionality, to average annual 
discharge (Hack, 1957). However, the micro-water-shed, on the left bank has a 
large area as compared to the right bank which indicates more infiltration to the 
groundwater bodies as it is supported by the other factors like low drainage 
density, high infiltration ratio, high mean stream length and high stream length 
ratio. Moreover, the mean stream length and the stream length ratio measure 
the channel storage capacity for the entire water-shed. 
In a comparative correlation between the four micro-water-sheds we 
find that the Ganga and Mahawa-Bardmar-Bagad-Tlkta have higher infiltration 
rate which resulted in shallow water level on the left bank tract, while deeper 
water levels in the right bank tract (Nim-Chhoiya and Kali micro-water-sheds). 
Also, we find that the top soil in the right bank area of the river Ganga has more 
clay/sand percent than the left bank tract, which further indicates more runoff 
and low permeability in comparison to the right bank tract. 
CHAPTER-III 
GEOMORPHOLOGY 
The geomorphology deals with the study of landforms system analysis 
and their causative factors. The various landform features such as: meander 
scars, palaeo-channels, point/channel bars, channel scars etc. which observed 
in the study area is a resultant of the fluvial dynamics and crustal movement 
which was controlled by neo-tectonic environmental setting during the 
Quaternary period. The dynamic and static aspects of relief, landforms, their 
variations in slope, size, composition and genetic evolution have been dealt. 
The study was carried out with the help of remotely sensed data using 
two LANDSAT TM, FCC's, imageries of bands 2,3 & 4.The visual interpretation 
for the various geomorphic units has been done using standard interpretation 
keys like tone, texture, size, shape, landforms, landuse, vegetation, relationship 
and associations. 
The following geomorphic units have been identified in the study area 
(Fig. 9): 
1 - Varanasi Older Alluvial Plain (VOAP). 
2- Aligarh Older Alluvial Plain (AOAP). 
3- Terrace Zone (TZ). 
4- Recent Flood Plain of the Ganga (RFP). 
General Statement 
The Gangetic depression which resulted as an aftermath of the last 
phase of the Himalayan upheaval during the Middle-Pliocene period, received 
the major bulk of the sediments from the newly risen Himalayas (during the 
Quaternary) and moderate quantum of sediments from the Vindhyan highlands 
by the rivers during their peak flood periods. Therefore, the alluvial deposits of 
the Ganga basin have a mixed sources with dominant clastic supply. 
I—?'^'"^e:,.v^T^ .?::/vv 
F i g . 9: Geomorphological Map of t h e Area 
( I n t e r p r e t a t i o n from LANDSAT Imager ies) 
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The Varanasi Older Alluvial Plain represents the remanent of a planer 
surface and occupies a major part of the area. Extensive agricultural activity is 
being carried out on this surface. Aligarh Older Alluvial Plain Is a channel fill of 
a north flowing palaeo-drainage system. It is characterised and identified by 
the development of the palaeo-channel in the space data out puts. 
The Terrace zone is identified by their linear pattern and continuous 
development at a level higher than the present river channel. It represent the 
palaeo-flood plain of the Ganga river. The boundary between the Varanasi 
Older Alluvial Plain and the Terrace zones is demarcated on the basis of tonal 
variation and landuse patterns. Terrace zones are further followed by the Recent 
Flood plain of the Ganga river which is identified by its dark tone and irregular 
shape, development of cut-off meander, channel bars and point bars. 
Varanasi Older Alluvial Plain (VOAP) 
This geomorphic unit corresponds to the Older Alluvium Group of the 
Indo-Gangetic plain (Das Gupta & Gupta, 1992).The word "Alluvium" is derived 
from the Latin word which means "flood", is more or less stratified deposit of 
gravel, sand, silt, clay or other debris moved by streams from higher to lower 
ground (Fairbridge, 1968). The term alluvium was widely used in Central Europe 
for the Holocene stage as distinct from "Diluvium" (Pleistocene). In the Indian 
context the term Alluvium has been used for the Quaternary deposits which 
are genetically related to the fluvial dynamics. During the Pleistocene glaciation 
most of the rivers from the northern provenance had little discharge due to 
glaciation. However, the southern provenance of the Vindhyan hills supported 
a very well developed network, which poured the sediments during the 
Pliestocene in the depression between the Himalayas and Northern fringe of 
the Peninsular shield. The alluvial deposits of the Indo-Gangetic plain which 
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have a mix source with dominant clastic supply from the Vindhyan upland during 
the Pliestocene sedimentation which constitute geomorphologically the Varanasi 
Older Alluvial plain. 
The Varanasi Older alluvial plain is characterised by uniformity in photo-
characters, gentle to moderate slope and extensive agricultural activity. This 
unit occupies most of the study area and higher topographic level with elevation 
ranging from 200m. to 182m. above M.S.L. This geomorphic unit can be 
recognised on LANDSAT TM FCC's imageries by its bright to medium tone, 
irregular boundary outline, meander scars, cut-off meander, palaeo-channels 
and associated with dominant agricultural practice. The local water logging 
conditions are also prevailing on this unit consequent to the rampant seepage 
from the Upper Ganga Canal and can be easily picked up by dark tone on TM 
FCC's images. The soil is normal soil; sandy with admixture of clay and silt and 
has medium to fine texture. 
The ground truth carried out for the Varanasi Older Alluvium plain near 
Sambhal, Maubhur, Sarangpur, Hismpur, Kaili, Pesri, Tilokpur, Dibia, Pahasu, 
Jirajpur, Ahmedgarh and Jahangirabad indicates that, the Varaniasi Older Alluvial 
plain is having an extensive agricultural activity. The sediments are more or 
less stratified deposit, sandy in nature with admixture of clay and silt, having 
medium to fine texture. The Varanasi Older alluvial plain is characterised by 
moderate to gentle slope and sharp contacts with the Terrace Zone and Aligarh 
Older Alluvial plain. Analysis of the borehole data (Appendix I) indicate that the 
upper 70 to 80 meters of the sequence is composed dominantly of sand. 
Aligarh Older Alluvial Plain (AOAP) 
This unit covers a part of the right bank tract as outliers within VOAP 
and forms low lying plains, is represented by palaeo-flood plain of an earlier 
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north flowing drainage system, which originated from Vindhyan highlands in 
the south and had a regional slope towards northwest. It is characterised by 
extensive development of palaeo-channel deposits. 
These palaeo-channels were first recognised in Aligarh district 
(Samdhani, 1990, Iqbaluddin, 1992), and later in Bulandshahr district, 
(Iqbaluddin1994). 
This unit is easily picked up on LANDSATTM FCC's imageries of bands-
2,3 & 4 by its bright tone, irregular boundaries and sharp contacts, development 
of palaeo-channels which extend beyond the study area. The development of 
saline/alkaline patches is the characteristics feature of the Aligarh Older Alluvium 
Plain too which exhibits a bright tone on TM FCC's images. 
The natural vegetation cover on this unit is poor but at places land 
reclamation has facilitated agricultural practice with seasonal crops. The 
preferred landuse is horticulture which include the fruit, orchards, neem, mango, 
guava plantations, etc. 
The soil cover is admixture of sand, silt and clay, the texture is fine to 
very fine. This unit corresponds to Older Alluvium Group, (Das Gupta & Gupta, 
1992). 
As this unit covers only the right bank tract, the ground truth was carried 
out for the Aligarh Older Alluvial plain near Pindrawal, Salabad, Daultpur Kurd, 
Riwara and Chimaoli which indicates that the Aligarh Older Alluvial plain is 
having a very poor vegetation cover because of the high incidence of saline/ 
alkaline patches (Plate-i»). The Aligarh Older Alluvial plain is characterised by 
higher relief which have a sharp contact with the Varanasi Older Alluvial plain. 
The sediments consist of sand, silt and clay, with fine to very fine texture and 
exhibit grey to yellowish brown colour. 
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Terrace Zone (TZ) 
Fluvial Terraces are topographic steps, platforms, benches, treads or 
flats in river valleys that usually represent the former levels of the valley floor or 
flood plain. They are located at more or less constant heights above the present 
flood plain and valley floor. The unit represents a composite surface formed by 
the coalescence of deposition Terraces which are homogeneous in lithological 
characters and have short areal extent. 
The Terraces constitute the flood plain deposits of the Ganga river and 
its tributaries and have been distinguished into T^  and T, level Terraces in the 
study area. Chronologically T^  is older than T, and they correspond to Newer 
Alluvium Group, (Das and Gupta, 1992, Thussu et al., 1992, Iqbaluddin, 1994). 
Tj Terrace 
This unit has a higher level compared to T^  Terrace. It is developed 
around Gawan between the Mahawa and the Tikta rivers, and about 3 to 8 km 
of the present channel of the Ganga river. 
Tj unit can be recognised on LANDSAT TM FCC's imageries by its 
medium to dark tone as well as the development of meander scars, palaeo-
channeis, back-swamp deposits and a few patches of saline/alkaline soil on 
the left bank of the Ganga river. 
The ground checking was carried out for J^ Terrace near Anupshahr, 
Paharpur, Pusawali, Dhanari, Bhagwanpur, Kanpur, Gawan and Lehra indicates 
that, the T^  Terrace having a well developed vegetation cover with agricultural 
activity and seasonal crops. The sediments comprised an admixture of fine 
sand and clay The boundary between T^  and the surrounding T, plain is sharp 
with differences of 2m. to 3m. towards the VOAP. 
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T, Terrace 
T, Terrace occurs as a continuous linear stretch between 1^ and the 
Recent Flood Plain of the Ganga river. It represents the palaeo-flood plain 
deposits of the Ganga river. T, Terrace which is separated from the Recent 
Flood Plain by break in slope which varies from 1 m. to 3m., the nick points 
have been erased by extensive agricultural activity along the unit. This surface 
is restricted within the river valley. This narrow zone is characterised by the 
presences of cut-off meander, meander scars and Channel scars. 
The ground checking was carried out at Ahar, Anupshahr, Udaipur, 
Karanbas, Asadpur, Basantpur, Karkaura, Phadrara, which support the 
imageries data. It consists of sand mixed with clay The T, Terrace is characterised 
by gentle slope, which is separated from the Recent Flood Plain by sharp break 
in slope and nick point development. 
Recent Flood Plain of the Ganga (TJ 
The Recent Flood Plain of the Ganga river covers the area adjacent to 
the banks which submerge during high flood level. It is the active flood plain 
subjected to inundation by annual flood during the peak discharge (Leoplod 
andWalman, 1957). 
The Recent Flood Plain of the Ganga river on LANDSAT TM FCC's 
imageries is characterised by dark tone, irregular boundary outline and sharp 
geomorphic contact with the Terrace zones defined by nick points and micro 
relief changes along the flood zone. Moreover, the presence of point bars 
(Plate-5), channel bars, development of cut-off meanders and back-swamps 
(Plate-fe) which serve as recognition elements as well as an indication of lateral 
accretions. 
Plate 4: Saline/Alkline Patches. 
( r .w 
Plate 5: Sand Deposit (Point bar) of the Ganga River. 
\ 
Plate &: Back-Swamp (Water Logged Area). 
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Lithologically, it represents Recent Alluvium Group and comprise active 
alluvium which is in a dynamic state and subjected to transport with annual 
inundation during the peak discharge. 
The ground truth checking was carried out for Recent Flood Plain near 
Narora, Ramghat, Anupshahr, Ahar, Danda, Mirzapur Asadpur, Faridpur which 
indicates that, the Recent Flood Plain is having scanty vegetation and sandy 
sediment which exhibits pronounced cross stratification. This plain is 
characterised by low relief which has sharp contact with the Terrace Zones 
above and imperceptibly merges with the active river channel of the Ganga. 
However, the boundary between the river valley and the Recent Flood Plain is 
diffused and ill defined. In the image the boundary has been placed between 
the clastic fence of the Flood Plain and the water front of the Ganga river. 
CHAPTER-IV 
DIGITAL IMAGE PROCESSING 
INTRODUCTION 
The Indian Space programme is primarily oriented towards application 
of space technology for national development. Indian Remote Sensing Satellites 
(IRS) is the first in the series of operational remote sensing satellites that is 
sen/ing the user needs in many fields such as hydrogeology, geology, agriculture, 
forestry applications etc. 
In the present study IRS-1B-USS-II data corresponding to four bands 
were used for the subscene A1 of the scene corresponding to path 28 and row 
48of 13th May, 1996. 
IRS-1B is the second satellite in IRS series after IRS-1A, its overall 
specifications are given in Table-3 below. 
TABLE-3 IRS-1B overall specifications 
Altitude 904 km 
Orbit Sun-synchronous 
Date of launch 29, August, 1991. 
Equator Crossing time 10.00 A.M. 
Sensors LISS*-I 
LISS-II 
Spectral bands 1. 0.45pm-0.52pm (Blue) 
2. 0.52pm-0.59pm (Green) 
3. 0.62pm-0.68pm (Red) 
4.0.77pm-0.86pm (Near Infra-red NIR) 
Spatial resolution LISS-1 = 72.5m 
LISS-II = 36.25m 
Temporal resolution 22 days 
Radiometric resolution 22 days 
Number of pixels/line 4096 
Field of view 40.1 
Ground Swath 145.48km. 
*Liss = Linear imaging self scanning system. 
IMAGE STRUCTURE 
The image received by the sensors is in time and frequency domain. 
The sensors sample the signal so that the continous image is quantized and 
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the signal is fully recovered from the set of sample values. (Gonzalez and Wintz, 
1987, Paratt, 1987). 
The image is recorded as a two dimensional light intensity function 
/ (x,y) where, x and y denote spatial coordinates and value of / at any point is 
proportional to the brightness of the image at that point, it is expressed as DN 
value (grey level). In the IRS-1B image brightness is sampled into 256 grey 
levels varying from 0 to 255, where the DN 0 represent black and 255 represents 
white. In nature a perfect bladt body or a perfect reflector (specular reflector) 
are rare. Most of the data are between 0 and 255 representing combination of 
blacl< and white which we refer as grey. In Fig. 10, a DN value at 'Y' well 
represent 25% white and 75% black. 
225 
GREY LEVEL 
100% 100% 
Black White 
50% 
M 1 1 • 
Y 50% 
(Y) has 25% white and 75% Blacic 
(Fig. 10) 
The digital data in IRS-1B is recorded in BIL mode where four bands 
data interleave with lines on electronic media which may be CCTs or floppies. 
The image structure is represented as a mosaic of tiny areas whose 
dimension depend on the resolution and electronics of the scanning system. 
These are referred as picture elements (pixel) which are arranged in rows and 
columns. The spatial position of the pixels is defined as x and y coordinates. 
The x coordinate represents the columns and y coordinate describes the row 
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number of pixel in an image. The grey level (DN) records the intensity of the 
electromagnetic radiation (EMR) measured by the sensor for the ground 
resolution cell represented by the pixel expressed as / for a given set of 
coordinates. 
DIGITAL IMAGE PROCESSING (DIP) 
The digital image processing work was carried out at the Regional 
Remote Sensing Service Centre (RRSSC)-behra Dun on UNIX based 
EASIPACE image processing system. A window of 512x1024pixels/scanlines 
was selected for processing the digital data of the 4 bands. The window 
represents the central part of the study area covering part of the Ganga river 
basin in parts of Bulandshahr, Budaun and Moradabad districts. In an attempt 
to identify enhancement techniques suitable for groundwater studies in the 
plain ecosystem of the Indo-Gangetic plain, the window selected is 
representative of the entire Quaternary sequence comprising Older and Younger 
Alluvial Plain, the Flood Plain deposits and hydromorphogeological zones in 
the study area. 
The digital image processing methods involves image restoration, image 
enhancement and information extraction. 
Image restoration deals with the correction of errors, noise and geometric 
distortion introduced during scanning, recording and playback operations. 
However, the data supplied by NRSA-Hyderabad is corrected for these errors. 
Hence, the present study was restricted to the enhancement techniques and 
information extractions. 
The DIP was carried out, to generate single bands linear stretch, filtered 
images, histogram equalisation, ratio images, principal component analysis 
(PCA), intensity-hue-saturation (IHS) transformation images, classified landuse 
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image and false colour composites (FCC's) following standard operations for 
image enhancement and information extraction from digital data. (Hord, 1982, 
Cuuran, 1985, Jensen, 1986, Gonzalez and wintz, 1987, Lillesand and Kiefer, 
1987, paratt, 1987, Sabins, 1987, Harrison, 1990, Kudat, 1990). 
SINGLE BANDS LINEAR STRETCH 
The first three bands-1, 2 & 3 occupy the visible region on the 
electromagnetic (EM) spectrum representing blue, green and red respectively, 
while the 4th band occupy the near infra-red (NIR) region of the EM spectrum. 
The individual four bands were generated through linear stretch which 
is the simplest contrast enhancement operation (Plates-7c, 8c, 9c & 10c). In 
linear stretch we have to assign the low end as black and the high end as white 
and the other values in between are linearly stretched. The linear stretch improve 
the contrast for most of the original brightness values, but with some loss of 
contrast in the extreme low and high ends of DN values (Sabins, 1987). 
Table-4: Showing the quality response of different themes to the 
four bands. 
Themes 
Water bodies 
Canals 
Moisture Content 
Soils 
Cropland 
Fallow land 
Geomorphic Feature 
Waste land 
Drainage 
Roads 
Settlements 
Band-1 
Poor 
Moderate 
Very Good 
Very Good 
Very Good 
Moderate 
Moderate 
Very Good 
Moderate 
Good 
Moderate 
Band-2 
Moderate 
Moderate 
Very Good 
Very Good 
Very Good 
Good 
Moderate 
Very Good 
Good 
Good 
Moderate 
Band-3 
Good 
Good 
Good 
Good 
Good 
Very Good 
Very Good 
Good 
Good 
Very Good 
Moderate 
Band-4 
Very Good 
Very Good 
Very Good 
Poor 
Very Poor 
Poor 
Poor 
Poor 
Very Good 
Poor 
Moderate 
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Band-1 Linear Stretch 
Band-1 occupy a region between 0.45 to 0.52^ Jm of EM spectrum 
corresponding to ttie blue colour of tfie visible region. Tfie band-1 data are 
concentrated in tfie range of 58 to 88 grey levels (Plate-7a).Tfiese have been 
stretchied to thie DN values range of 0 to 255 grey levels (Plate-7b). In plate-7c, 
soil types, cropland, moisture content, wasteland and roads are well seen in 
the linear stretch of the band-1 data while the canals, fallow land, drainage, 
geomorphic features and settlement are moderately distinguished and the water 
bodies have a poor expression. 
Band-2 Linear Stretch 
Band-2 fail in the region of 0.52-0.59pm of the EM Spectrum 
corresponding to the green colour of the visible region. The band-2 data are 
concentrated in the range of 34 to 58 grey levels (Plate-8a). These have been 
stretched to the DN values range from 0 to 255 grey levels (Plate-8b). The 
linear stretch of the band-2 data show similar enhancements of the different 
themes as in band-1 .The water bodies and the drainage system, exhibit Better 
expression (Plate-8c). 
Band-3 Linear Stretch 
The band-3 occupy the portion between 0.62 to 0.68pm of the EM 
spectrum corresponding to the red colour of the visible region. The band-3 
data are concentrated in the range of 43 to 88 grey levels (Plate-9a). These 
have been stretched to the DN values range from 0 to 255 grey levels 
(Plate-9b). In this data soil types, cropland, moisture content, wasteland and 
roads are very well recognised (Plate-9c). 
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Band-4 Linear Stretch 
The band-4 data are within 0.77 to O.B6\im corresponds to the near 
infra-red region of EM spectrum. The band-4 data are concentrated in the range 
of 60 to 87 grey levels (Plate-1 Oa).These have been stretched to the DN values 
range from 0 to 255 grey.levels (Plate-1 Ob). This band data is very useful for 
groundwater studies because of the absorptions by moisture which result in 
dark hue. In the linear stretch the DN values are concentrated towards the 
brighter range. The water bodies and palaeo-channels with locked up moisture 
are enhanced by dark tone (Plate-1 Oc). 
FALSE COLOUR COMPOSITE (FCC) 
In order to enhance the image quality for thematic interpretation and 
edge enhancement for spatial mapping of the various lithological and 
geomorphological units, false colour composite (FCC) were generated for the 
multiband data using various combinations of the linear stretch grey levels of 
the four bands of IRS-1B data. 
The digital data for the window 512x1024 were analysed for bands 1,2, 
3 & 4 corresponding to the wavelengths 0.45-0.52|im (Blue), 0.52-0.59(im 
(Green), 0.62-0.68pm (Red) and 0.77-0.86pm (Nearinfra-red, NIR) respectively 
The linear stretch grey levels of the band-1, 2, 3 & 4 for the window 512x1024 
have been used to generate the FCC's (Plates-7c, 8c, 9c & 10c). 
The red, green and blue (RGB) colourassignment for the various bands 
were given while processing the digital images. The red, green and blue colour 
assignment to the DN values of bands-1, 2, 3 & 4 were made into 256 levels 
(Lillesand and Kiefer, 1979) to obtain various colour combinations for highlighting 
the pixels and the contrast/edge enhancement, for thematic mapping and 
interpretation. Table-5 presents the quality response of various themes in 
different band combinations of the FCC's. 
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The combination of RGB colours was assigned to the various black and 
white grey levels of the monochromatic linear stretch images of bands-1,2,3, 
and 4. The effect of assignment of RGB to various band combinations is 
expressed as changes in hue, saturation and intensity of colour combination in 
the FCG's (Plates-11,12,13,14,15, 16, 17, 18, 19, 20, 21,22, 23, 24 & 25). 
Geomorphologically, the area comprises Varanasi Older Alluvial Plain 
(VOAP) which is more developed on the right bank of the Ganga river. Outliers 
of Aligarh Older Alluvial plain developed in the VOAP defines a geometry of 
north flowing palaeo-channel/drainage which occur as filed up palaeo-channels 
on the right bank. The left bank of the Ganga river is geomorphologically most 
dynamic, comprises the older flood plains of the Ganga river. The fluvial 
dynamics is expressed as T, and J^ terraces. The Recent Flood Plain of the 
river Ganga is confined to a narrow belt where the channel is migrating from 
east to west and leaving behind the course of migration terraces which have 
been designated as T^  terrace and point bars and channel bars with local scars 
of the palaeo-channels depict the migration history of the channel within the 
Recent Flood Plain (Fig. 11 a & 11 b). 
It is a recorded history (Annette, 1922) that when the first Mughal Emprer 
Zaheer Uddin Babar attacked Sambhal town in the year 1526A.D., the river 
Ganga was flowing east the Sambhal town but thereafter it continued rapidly 
changing its courses which are now known as Tikta, Bagad, Mahawa, Baradmar 
and the present channel. The river Ganga at present flows about 40km. west of 
Sam'bhal town. These rapid changes in the course of the Ganga river is a clear 
index of the tectonic instability of the Basement Complex underlying the Gangatic 
alluvium. Moreover, the river Ganga has been cutting across through the eastern 
upland during its migration spree. This is very well indicated by the remanent 
uplands in between the channels duly capped by the saline and alkaline patches. 
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Fig. 11: (a) Geomorphology Map in Parts of the Area 
(b) Channel Scars Map. (Interpretation from 
the Digital Data of IRS-lB) 
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Varanasi Older Alluvial Plain VOAP is nicely picked up in almost all 
the FCC's (Plates-11,12, 'l 3,14,15,16,17,18,19,20,21,22,23,24 & 25) by 
the hue and saturation of dominant colours within RGB scheme which have 
been assigned to band-3 and band-4 or a combination of these. In the 
processing where band-3 is used in combination with bands-1 & 2, the colour 
assignment of band-3 has determined the colour of VOAP, (Plates-11,13,17 & 
19). In the FCC's where band-4 is used in combination with bands-1 & 2 the 
colour assignment of band-4 has determined the colour scheme of VOAP in 
(Plates-12, 14, 16 & 21). In the FCC's with combination of bands-4 & 3 and 
band-1 or 2 the colour assignment to band-4 has influenced the hue and 
saturation of the colour of the VOAP in the FCC's (Plates-18, 20, 22, 23, 24 
&25). 
The identification of the contact of VOAP with RFP of the river Ganga is 
good to very good at places where combination of bands-3 & 4 are involved. 
The boundary between VOAP and the channel deposits of the AOAP is diffused. 
Geotechnically in the FCC's the VOAP is recognised by higher elevation, 
extensive agricultural landuse, high settlement density Spatialy the areal spread 
of the unit show variation in colour intensity which is reflected as granular texture 
due to closed juxtaposition of cultivated fields and culturable waste (fallow land). 
The hue and saturation of the colours assigned to bands-3 & 4 are high and 
progressively diminish towards the southwestern margin of the VOAP in the 
window processed for digital image processing. 
The palaeo-channel of highly sinuous drainage system are seen in the 
AOAP which are characterised by hue corresponding to grey in FCC's 
(Plates-16,18 & 25). In other FCC's these palaeo-channels are characterised 
by low saturation and low intensity e.g. (Plates-11, 12,13, 15 & 17) where the 
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hue of the VOAP is superposed over the Palaeo-channels but the variation in 
saturation and intensity levels help in recognition of these palaeo-channels. 
The palaeo-channels are recognised by their sinous shape, depressed 
topography and lack of any landuse, local development of saline/alkaline patches 
and spatial continuity of the scars defined by arcuate pattern of vegetation 
(Plates-15,16&18). 
The scars of channel migration of the Ganga river are discemable easily 
in the Older Flood Plains of the Ganga river. The geometry of the Scars is seen 
by the magenta hue in the FCC of bands-342 (Plate-20) as well as in band 
combinations 314 & 413 (Plates-18 & 22) by various hues of yellow, magenta 
and cyan. In the FCC's involving bands-1,2 & 3, the scars of palaeo-channel in 
the Older Flood Plain are not very clearly seen due to the combine RGB effect 
nearing the grey line (Plates-11, 13, 15, 17 & 19). The band combinations of 
infra-red band-4 are more illustrative. The migration history of the Older Flood 
Plain suggest that Ganga river was sinuous during the evolution of the Older 
Flood Plain, giving rise to development of T, & T^  terrace levels. In the data 
processed, the channel scars are generally associated with the T, terrace, the 
boundaries of the meander scars roughly coincide with T, terrace boundary. 
(Fig. l ib) . 
Tjj terrace is associated with the Older Flood Plain of the Ganga river 
and is developed only on the left bank. In the FCC's of bands-1, 2 & 3 it is 
expressed as very light grey to nearly white hue due to the association of saline/ 
alkaline soils. The spatial association of saline/alkaline soils slightly higher in 
elevation than T, and lack of channel scars have been used as recognition 
element for identification of T^ terrace level in the FCC's (Plates-11,12,13,14, 
15, 16, 17, 18, 19, 20, 21, 22, 23, 24 & 25). 
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The T, terrace is developed mostly on the left bank of the Ganga river. 
However, a few isolated remnant of T, are seen as outliers along the RFP of the 
Ganga which is cutting through its Older Flood Plain deposits north of 
Anupshahr. The T, terrace has sharp contact with the VOAP on the right bank 
and with the Ganga RFP deposits on the left bank. Geotechnicaliy T, surface 
is characterised by development of scars which occur as cut-off meander and 
channel scars showing mutual cross-cutting relationship, indicating migratory 
nature of the river during the deposition of the Older Flood Plain deposits 
(Plates-11,12,13,14,15,16,17,18,19,20,21,22,23,24 & 25).The boundary 
of T, terrace and T2 terrace is not sharp. The nickpoints are not recognisable; if 
there were any, these appears to have been lost due to agricultural activity in 
the area. The ploughing across T, & T^ contact has obliterated and erased 
natural boundaries between T, & T^ terraces in the area. For the purpose of 
mapping, the T, has been recognised by using channel scars as a guide in the 
geomorphic mapping (Fig. 11a & l i b ) . 
The Tg terrace represents the land between the active channel of the 
Ganga river and eastern and western boundaries of the present day flood 
plain. The present day Ganga river is entrenched and is cutting through its own 
Older Flood Plain deposits. As a result, at places, the scars of the palaeo-
channels are exhumed along T^ terrace (Plate-14, 16 & 18). The T^ terrace is 
recognised by its cross-cutting relationship with the T, terrace and by its spatial 
association with the present day active channel of the Ganga river The altimetric 
separation between the present river bed and the T^ terrace varies from zero to 
3 meters. In the FCC of bands-123, the T^ is recognised by white colour hue 
which gives sharp contrast (Plate-13) by magenta hue (Plate-14) and by cyan 
hue in band combinations of 413 & 412 (Plates-21 & 22). 
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The channel bars / point bars are sand bodies which are spatially 
associated with the present day channel of the Ganga river. Based on their 
spatial association with the channel these have been separated as channel 
bars which occurs in the river as an island and point bars developed on the 
banks of the river. 
In the FCC's these are expressed as white in almost all band 
combinations of RGB scheme (Plates-11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 
21, 22, 23, 24 & 25), suggesting that, the spectral signatures of channel/point 
bars are nearly equal in terms of DN values as a result any colour combination 
of RGB is corresponding to the white hue. The saturation is low and the intensity 
is high in almost all the FCC's processed for recognition of these elements. 
The study area comprises three soil categories referred as sandy soil, 
normal soil and saline/alkaline soil (Fig. 12a). However, on the basis of textural 
classification, sandy soil comprises sand and loamy sand, normal soil comprises 
sandy loam and loam and the saline/alkaline soil comprises silty clay loam. 
The soil categories are identified on the basis of their reflectance, texture, 
moisture content and associated vegetation cover. 
The level-l separation of the sandy, normal and saline/alkaline soil is 
very clear on the FCC's of the various combinations of bands-1, 2 & 3 
(Plates-11, 13, 15, 17 & 19), in RGB scheme the best combination appears in 
FCC of bands-123 (Plate-11). The bluish hue on the right bank correspond to 
the normal soil (loamy soil), while the left bank has white hue corresponding to 
highly reflecting sandy soil and saline/alkaline soils. The saline/alkaline soils 
are separated from sandy soil by presence of vegetation cover over the sandy 
soil and from the Recent Flood Plain of the Ganga river by its almond brown 
colour in the FCC's (Plates-11, 12 & 13). However, the FCC's with infra-red 
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bancl-4 combination have enhanced the textural characteristics of the soil types. 
The sandy texture recognised along the Ganga channel and within the Recent 
Flood Plain and T^ terrace is associated with high moisture content 
(Plates-21 & 22). The sandy loam Is recognised along T, terrace with moderate 
vegetation cover and very high moisture content. The loam texture Is the 
characteristics feature of the right bank which is associated with good vegetation 
cover. Further, this is also observed on the northeast corner of the left bank 
around Sambhal town. The saline/alkaline soils are white locked up moisture 
content which is represented by blue hue (Plates-21 & 22) the colour intensity 
is proportionate to the moisture content. However, the boundaries between 
different categories of soil are well developed on the various combinations of 
infra-red band-4 specially in FCC of bands-412 & 413 (Plates-21 & 22). 
The moisture content occurs in loamy sand along river channel, saline/ 
alkaline soil and the canal areas. 
The moisture content is directly proportional to the hue and saturation 
of band-4. In general the FCC's with infra-red band-4 comibinations enchance 
the moisture content Identification. The best FCC's suited for moisture content 
mapping are the combinations of bands-142,412 & 413 (Plates-14,21 & 22) in 
which bluish hue represents very high moisture content zones along the Recent 
Flood Plain, canal areas and the saline/alkaline patches, light bluish hue shows 
moderate moisture content scattered over some parts of the normal soils along 
the two banks of the Ganga river while the poor moisture content zones are 
characterised by lack of blue hue and are located In the fallow lands (Fig. 12b). 
The land use was studied in an attempt to use it as geotechnical element 
in the concurrence and synthesis of the remotely sensed data for 
hydromorphogeological zonatlon. 
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The window tested for image processing exhibit the following major 
landuses in the study area; cultivated land, forest, sandy land, saline/alkaline 
land, land occupied by rivers, water bodies, canals, roads and settlements 
(Fig. 13a). 
The cultivated land can be distinguish from the remotely sensed data 
into cropland and fallow land. The cropland seen in all the FCC's of band 
combinations 1, 2, 3 & 4 which is recognised by the mosaic of coloured pixels 
showing variable hue and saturation and exhibit rectangular boundary outline 
corresponding to the matted pattern of the cropland. However, the best 
combination is the FCC of bands-342 (Plate-20) which give a tme colour (green). 
In general those FCC's having the infra-red band-4 exhibit good expression of 
cropland, while the others show moderate expression of cropland. 
The crop fallow land occurs closely associated with the cropland. The 
crop fallow land exhibit higher reflectance and in the FCC's generally exhibits 
white or low hue and intensity of colour (Plates-12,14,16,18,20,21,22,23,24, 
&25). 
The crop fallow land is distinguished from sandy wasteland in the images 
by their association with the crop land, their geometrical boundary outlines, 
defined by the matted pattern of agricultural fields. 
The cropland and fallow land are resolved in the classfied image 
(Plate-26), but are too small to be separately mapped, hence in the interpreted 
map these have been grouped as cultivated lands (Fig. 13a). 
The forest have developed on the right bank of the Ganga river along 
T, terrace and the Recent Flood Plain. The forests are recognised beautifully 
on the various FCC's having band combinations of 1, 2 & 3 (Plates-11,13,15, 
17 & 19) and in the standard FCC (Plate-25), defined by higher level of hue, 
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saturation and intensity of colours. The biomass in the forest cover comprise 
scrubs and hence, individual crown of foliage signatures to identify plant species 
are not discernible in this remotely sensed data. The extensive development of 
scrubs point to the presence of locked up soil moisture in association with 
Recent Flood Plain of the Ganga river (Fig. 12b). 
The wasteland in the study area comprises sandy land and saline/ 
alkaline land/soil (Fig. 13b). The sandy land is associated with the Recent Flood 
Plain of the Ganga river. The Recent Flood Plain deposits on the left bank 
exhibit extensive development of the sandy soil. Geomorphologically, the sandy 
land is associated with point/channel bars and T^ terrace in the Recent Flood 
Plain of the Ganga river. However, the sandy land is very well expressed in all 
the FCC's with white hue along the Ganga river. 
The saline/alkaline soils are seen extensively developed at 1^ terrace 
level and expressed by white patches in all the FCC's which are characterised 
by irregular boundary outline and spatial association with the cropland. 
The spatial distribution of the saline/alkaline soil in the remotely sensed 
data is indicative of shallow water level condition in the hydromorphogeological 
units and can be used as geotechnical element for groundwater targeting for 
shallow wells (Fig. 14). 
The Ganga river occupy the central part of the study area. The small 
rivers like Mahawa and Bagad are seen on the left bank, these tributary streams 
fallow sub-parrellel courses along the Ganga river in the study area. The sub-
basin boundaries are linear and narrow, the tributaries are poisibly fallowing 
the palaeo-channels of the Ganga rivers, as indicated by Yazoo pattern of the 
Mahawa and Bagad sub-basins (Fig. 13a). 
All the FCC's combinations having the infra-red band-4, exhibit very 
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good expression of the drainage system. While the FCC's with various 
bands-1,2 & 3 exhibit drainage morphology which is feebly expressed. The 1 st 
& 2nd order channels are difficult to decipher. 
The water bodies in the selected window are few and small in size. 
The FCC's having the infra-red band-4 exhibit water bodies better than the 
FCC's having bands-1, 2 & 3 combinations of RGB scheme. 
The biggest water body is recognised west of the canal around Malakpur 
village exhibiting dark colour occupying a cut-off meander.There are few water 
bodies scattered west and north-west of Anupshahrtown as dark spots having 
sharp contrast with the surrounding vegetation cover. On the left bank, near 
Basantpur village, and around Gawan town, small water bodies are developed, 
which in the FCC's expressed as dark grey spots, with irregular boundary 
outlines. The dark hue of the water bodies is due to low reflectance and 
absorption of the EMR. 
The canal net-work is well developed on the right bank of the Ganga 
river. The canals are distinguished by their linearity and the association of high 
moisture zones parallel to the canals. In window of IRS-1B of LISS II data 
analysed, only Anupshahr branch of the Upper Ganga Canal is present. The 
FCC's with the infra-red band-4 combinations have enhanced the canal network 
very sharply due to the presence of water within the canal. The dark hue 
separated the canal network from the roads and railway lines. In the other 
FCC's with the combinations of bands-1,2 & 3 canals have moderate expression. 
The road network is well identified on the combinations of bands-1,2 & 
3 (Plates-11,13,15,17 & 19) with their linearity, criss-crossing and absence of 
association of moisture content and dense crop along them.The metalled road 
Plate - ii 
Plate - 12 
Plate - 13 
Plate - 14 
Plate - 15 
Plate - 16 
P l a t e - 17 
Plate -
Plate - 21 
Plate - 22 
Plate - 23 
Plate - 24 
Plate - 25 
P l a t e - 26 
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with high reflectance and linear pattern are picked up, but it is very difficult to 
identify the unmetalled roads due to their poor reflectance and curvilinear pattern. 
The railway lines are identified by their linear pattern, cross-cutting 
relationship with roads, rivers and streams. However, individual rails are not 
distinguishable on these images. 
There is only one railway line crossing the study area on the southwest 
corner parallel to Dibai-Rajghat Road. Its degree of identification is very good 
in the FCC's having bands-1,2 & 3 combinations (Plates-11,13,15,17 & 19) 
and moderate expression in the remaining FCC's. 
The Settlements are well identified by its regulars shape and pattenn 
and the association with roads, highways and extensive agricultural activity 
around it. 
The settlements are represented by different hue and saturation, but 
best FCC combination is the standard one of bands-432 in RGB scheme 
(Plate-25) in which settlement exhibit good contrast with the agricultural areas 
having dark grey colour. FCC's of bands-431 (Plate-24) and bands-423 
(Plate-23) are also useful for settlements mapping. 
SPATIAL FILTERING 
The spatial filters wori< in the spatial domain which refers to the aggregate 
of pixels composing an image and operate directly on these pixels using spatial 
masks for image processing. The spatial filters includes linear and non-linear 
spatial filters. 
Filtering operations is a pixel by pixel transformation of an image which 
depends on the grey level of the pixel concerned as well as the grey level of 
neighbouhood pixels (Schrieiber, 1979, Hord, 1982, Jensen, 1986, Gonzalez 
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and Wintz, 1987, Sabins, 1987, Gonzalez and Woods, 1992). The filtering 
operation is a procedure in which grey value of a pixel is altered according to its 
relationship with respect to the grey level of the neighbouing pixels (Siegal and 
Gillespie, 1980, Mather, 1987). 
Both linear and nonlinear filters have been used in this study using the 
standard FCC image of bands-432. 
Table-6: Presents the quality response of various themes in different 
filter operations of the FCC having bands - 432 combination 
(Standard FCC). 
Themes 
Water bodies 
Canals 
Moisture 
Content 
Soils 
Crop land 
Fallow land 
Geomorphic 
Feature 
Waste land 
Drainage 
Roads 
Settlements 
Median 
Good 
Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Moderate 
Good 
Moderate 
Laplacian 1 
Good 
Very Good 
Good 
Poor 
Good 
Poor 
Moderate 
Poor 
Very Good 
Moderate 
Poor 
Lap.2 
Moderate 
Moderate 
Good 
Poor 
Good 
Poor 
Moderate 
Poor 
Moderate 
Poor 
Poor 
Sobel 
Good 
Good 
Good 
Poor 
Moderate 
Poor 
Good 
Poor 
Good 
Poor 
Poor 
Prewitt 
Good 
Good 
Good 
Poor 
Moderate 
Poor 
Good 
Poor 
Good 
Poor 
Poor 
Median Filter 
The median filter is non-linear signal processing technique developed 
by Tukey (1971) which consists of a sliding window encompassing an odd 
number of pixels. The central pixel in the window is reflected by the median of 
the pixels in the window (Paratt, 1991, Gonzalez and woods, 1992). Therefore, 
in some cases the median filter may provide noise suppression (Gonzalez and 
woods, 1992), thus, the principal function of median filtering is smoothening, to 
force points with distinct intensities to be more like their neighbours. 
Median filter operation has improved all the features in the image nicely, 
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such as geomorphological features and different units, soil types, moisture 
content, geological units and landuse features (Plate-27). 
Hence, median filter becomes one of tfie good operation tfiat may fielp 
in groundwater studies through extraction of useful information like water bodies, 
moisture content, geomorphic features, canal areas, palaeo-channels, etc. 
Laplacian Filter 
Laplacian filters are non-directional filters. They enhance linear features 
having almost any orientation in an image (Sabins, 1987). Therefore, Laplacian 
filters are linear filters which help in edge detections. The kernel used is 3X3 
array in which we summed the nine resulting values and this new number 
replaces the original DN value of the central pixel. Because the Laplacian is a 
derivative, the sum of the coefficients has to be zero (Gonzalez and Woods 
1992). 
For the present study two types of the Laplacian filters have been used, 
one is the original Laplacian filter and the other is prewitt Laplacian filter (Prewitt, 
1970).The masks of the two operators used for Laplacian filtering are as follows: 
0 
1 
0 
1 
4 
1 
0 
1 
0 
-1 -1 -1 
•1 8 -1 
_ -1 -1 -1 
Original Laplacian Prewitt Laplacian 
(filter) operator (filter) operator. 
These output images are presented in plates-28 & 29 respectively 
Generally Laplacian filters improve the linear edge features and 
suppress the other areal features. 
The original Laplacian filter has improved the drainage and canal contrast 

Plate - 28: Laplacian -1 Filter, 
Plate - 29: Prewitt-Laplacian Filter, 
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(Plate-28), while Prewitt-Laplacian filter has suppressed these features 
(Piate-29). Both filters have enhanced the moisture content areas along the 
Ganga river, palaeo-channels and along canal areas. 
Sobel & Prewitt Filters 
Both Sobel and Prewitt operators are edge filters (linear) having two 
masks presented as below. 
~-1 -1 - 1 1 
0 0 0 
_ 1 1 1 _ 
-1 
-1 
_-1 
For X - Direction ForY 
Prewitt Operators 
"-1 -2 - 1 " 
0 0 0 
_ 1 2 1_ 
" 1 
-2 
_-1 
0 1 
0 1 
0 1_ 
• Direction 
0 1 " 
0 2 
0 1 _ 
X- Direction Y- Direction 
Sobel Operat ors 
The Sobel operators differ from the Prewitt operators in that, values of 
the north, south pixels in X direction and east,'west pixel in Y direction with 
respect to the central pixel are doubled. This gives equal importance to each 
pixel in terms of its contribution to the spatial gradient and results in smoothing 
effect on Sobel product. While, the Prewitt operators are more sensitive to 
horizontal and vertical edges than the diagonal edges. 
However, in the present study the both products of Sobel & Prewitt 
show similar expression. In Sobel and Prewitt operations the data has been 
Plate - 30: Sobel Edge Filter, 
Plate - 31: Prewitt Edge Filter 
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smoothed more than Laplacian filters specially the drainage and canals. The 
channel/point bars, water bodies, moisture content and palaeo-channels have 
been improved (Plates-30 & 31). 
INTENSITY, HUE AND SATURATION (IHS) TRANSFORMATION 
Intensity refer to the brightness variation, hue refers to the dominant 
colour, and saturation represents the purity of colour, Lillesand and Kiefer, (1979); 
Jensen, (1986); Ganzalez and wintz, (1987); Sabins. (1987); Mather, (1990) 
and Ganzalez and wood, (1992). 
IHS transformation bring about improved discrimination between colours 
through variation in the chromaticity, which is function of hue and saturation 
(Ganzalez and Wintz, 1987). Plate-32, presents IHS transfomi output; the 
colours are nicely distinguished and most of the themes are easily detectable, 
e.g. the cyan colour represents the dense cultivated land (cropland) and pinkish 
colour represents the fallow land. The reddish colour represents the sandy 
material developed along the Recent Flood Plain of the Ganga river and on the 
two banks of the river forming the sandy soil. 
Thus, IHS is one of the good enhancement techniques for land use 
patterns and soil types which are easily picked up by their different hue and 
saturation their association can be useful tool in groundwater studies. 
HISTOGRAM EQUALISATION (HE) 
Histogram equalisation was attempted for the FCC's 231, 321, 342 & 
432 (Plates-15,19,20 & 25) through non-linear stretch. The greatest stretch in 
histogram equalisation is applied to the most populated range of DN values 
(Plates-7a, 8a, 9a & 10a). The effect is that, the original histogram is redistributed 
over the entire range of 256 grey levels and the DN values of the most populated 
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middle range are stretched preferentially the low DN and high DN tails remain 
unaffected (Plates-33a, 34a, 35a & 36a). 
The effect of histogram equalisation on the grey levels of the image is 
enhanced contrast in the middle range which spread out and reach towards 
higher DN values In terms of brightness of the image, the dark image becomes 
white. The effect on the tails is loss of contrast, the dark becomes darker and 
the bright becomes brighter (Plates-33b, 34b, 35b & 36b). 
Table-7: Showing the response of the different themes to histogram 
equalisation. 
THEMES 
Water bodies 
Canals 
Moisture content 
Soil 
Cropland 
Fallow land 
Geomorphic Feature 
Waste land 
Lithology 
Drainage 
Roads 
Railwayllnes 
Settlements 
HE2di 
Good 
Good 
Moderate 
Good 
Good 
Good 
Good 
Good 
Good 
Moderate 
Good 
Good 
Moderate 
HE 321 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Good 
Moderate 
Good 
Good 
Moderate 
HE 342 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Good 
Very Good 
Good 
Moderate 
Good 
HE 432 
Very Good 
Good 
Very Good 
Very Good 
Very Good 
Good 
Good 
Very Good 
Good 
Moderate 
Good 
Moderate 
Moderate 
IH5 
Good 
Good 
moderate 
Good 
Good 
Good 
Moderate 
Moderate 
Good 
Good 
Moderate 
Poor 
Good 
This processing increases the dynamic range of the grey levels as well 
as the contrast in images, which improve the visual interpretability of the different 
thematic elements within the image. 
However, the linear features like, roads, canals and railway lines got 
suppressed, due to increase in the grey levels which affect the contrast between 
the linear features and the surrounding landuse cover. 
PRINCIPAL COMPONENT ANALYSIS (PCA) 
In a multispectral imaging system the DN values of the various bands 
are correlatable, their plots nomrialiy follow a 45° slope line and they are scattered 
in elliptical field for a two bands system. In a three bands system the distribution 
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of the DN values can be described by ellipsoid (Swain and Davis, 1978) which 
will be triaxial and approximately correspoinding to an ellipsoid of revolution. 
It well be seen that the data of bands-1, 2, 3 & 4 of the IRS data are 
correlatable, the plots fallow elliptical field in two bands plot of the digital numbers, 
the longer axis of the ellipse roughly correspond to 45° slope. 
The PC transformation is applied to multispectral DN values which are 
highly correlated from band to band.The PC transformation which was originally 
known as Karhunen-Loe've transformation (Loe've, 1955) is applied to 
recalculate a new coordinate system for the data sets of the four bands. 
The contrast between the correlated DN values is increased when 
recalculated to a new coordinate system reposed at 45° to the original 
coordinate system. 
The mathematical operations make a linear combination of the pixel 
values in the original coordinate system to generate DN values in a new 
coordinate system. 
The effect of PC transformation is that for a plot 'a' the DN value along 
X1 and X2 are nearly equal, the range of the pixel values in Y1 is greater than 
the range in the original coordinate system for the DN value of the bands and 
the range of pixel of Y2 coordinate is small, thus, the new DN values for the two 
bands which involve in the principal component transformation have increased 
contrast (Fig. 15). 
The principal component transformation has following advantages 
(Sabins, 1987): 
1. Most of the variance in a multispectral data set is compressed into one 
or two principal component images. 
2. Noise may be relegated to the less correlated principal component 
images. 
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3. Spectral differences between materials may be more apparent in 
principal component images than in individual bands. 
Three PC images (Plates-37a, b & c) and one FCC generated from 
three principal components (Plate-38) exhibit good separation of the 
themes as presented in the table-8. 
TABLE-8:Showing the response of the different themes to 
principal compnent analysis. 
THEMES 
Water bodies 
Canals 
Moisture Content 
Soil 
Cropland 
Fallow land 
Geomorphic Feature 
Waste land 
Lithology 
Drainage 
Roads 
Railwaylines 
Settlements 
PCI 
Good 
Good 
Moderate 
Very Good 
Very Good 
Very Good 
Good 
Good 
Good 
Good 
Good 
Good 
Poor 
PC2 
Good 
Moderate 
Very Good 
Good 
Very Good 
Moderate 
Very Good 
Poor 
Moderate 
Moderate 
Poor 
Poor 
Good 
PC3 
Very Good 
Very Good 
Very Good 
Very Good 
• Very Good 
Good 
Very Good 
Poor 
Very Good 
Very Good 
Good 
Moderate 
Good 
FCC(PCA) 
(123) 
Very Good 
Good 
Very Good 
Very Good 
Very Good 
Very Good 
Good 
Very Good 
Very Good 
Moderate 
Moderate 
Poor 
Good 
RATIO IMAGES 
In the digital image processing, the DN values represent the brightness 
level of the objects which are expressed by tonal and colour variations in the 
images. These characters of tone and colour are inturn used as interpretational 
keys for thematic interpretation. Sometimes the illumination contrast develop in 
the image because of positional or aspect effects e.g. siltstone bed on the 
sunlight side and in the shadow zone exhibit variable DN values under LANDSAT 
TM bands-1 & 3, (Table-9) Sabins, (1987). 
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ILLUMINATION 
Sunlight 
Shadow 
TABLE-9 
SILTSTONe ftEFLECtANCE 
TM 
BAND-3 
94 
74 
TM 
BAND-1 
42 
.3 
RATIO 
3/1 
2.24 
2.23 
The themes will have variable tone and colour on the sunlight and in 
shadow zones in an image which will impair the interpretational values of colour 
and tone in the image. However, if instead of the DN values of the pixel in the 
bands, their ratios for sunlight and shadow are plotted for the pixels, the ratios 
will show a uniformity in the brightness level (Table-9) eliminating illumination 
contrast due to aspect effect and slope variation etc. 
Sometimes, there are subtle spectral variation in the DN values in the 
adjacent pixels which makes separation of the grey levels difficult in terms of 
information e.g. t h e brightness level in the stressed vegetation due to chlorophyll 
variation of the foliage. The stress in the vegetation can be enhanced between 
adjacent pixels if the ratios are plotted between the various bands (Lilies and 
andKiefer, 1987). 
Thus, the ratio images are useful in enhancement of the interpretational 
value of the image by eliminating the illumination contrast and subtle spectral 
variation reflecting thematic variations. 
The ratio images are prepared by dividing the DN value of one band by 
the DN value of another band for each pixel (Sabins, 1987). The ratios obtained 
for various pixels in an image were again stretched to 256 grey levels and the 
DN values obtained by stretching the band ratios were assigned as revised DN 
values to the pixels in the image generating the scene by suitable colour 
assignment (Plates-39, 40, 41, 42, 43, 44,45, 46, 47, 48, 49 & 50). 
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The geomorphic features are well displayed on most of tfie ratio 
images, especially tfie terrace zones with sharp contact with each other 
and as well as with the VOAP. The best expression of the channel scars 
is achieved through these operation. The palaeo-channels are well 
exposed on the ratio images that involve band-4 (Plates-43, 44, 47, 48, 
49 & 50). The channel / point bars are well exposed on all the images. In 
general the bes\ raiio images for geomophological studies are, 3/1,1/3, 
2/3, 3/2, 3/4 & 4/3. 
The level one separation of the three soil categories (sandy, normal 
and saline/alkaline soils) is well established on the ratio images with 
infra-red band-4. While level two separation is well recognised on band 
ratio 1/3, 3/1, 2/3 & 3/2 and moderately on band ratio images 1/2 & 2 / 1 . 
The best ratio images for moisture content identification are those 
containing the infra-red band-4 (1/4, 4 /1 , 2/4, 4/2, 3/4 & 4/3) »n which 
moisture content exhibits the same light hue as water within the Ganga 
river. 
The forest and water bodies exhibit the same hue in all the outputs 
of FCC's. However, in band ratios 1/4 & 4/1 these appear with opposite 
hue. The water bodies are well developed on the ratio images of 1/4, 4/ 
1, 2/4 & 4/2. The canal is well recognised in ratio images of 1/3, 3 /1 , 2/3, 
1/4 & 4/1 and poorly interpreted in the other outputs. While the roads 
and railway lines are well recognised on the ratio images of 1/3, 3 /1 , 
1/2 & 2/1. 
The best ratio images for drainage display are of band ratios 1/2 
&1/3. 
P l a t e - 39 
P l a t e - 40 
P l a t e - 4 i 
P l a t e - 42 
Pla te - 43 
P la te - 44 
Pla te - 45 
P l a t e - 46 
P l a t e - 47 
P l a t e - 48 
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SPECIAL FALSE COLOUR COMPOSITE 
By using the infra-red band-4, ratio image 3/4 first and second 
principal components we have generate special FCC's (Plates-51,52&53). 
As a result, a better enhancement was achieved in which we find that all 
the themes are clearly and easily picked up. 
These FCC's act as unsupervised classified images which can be 
used for visual interpretation using ground truth for different themes. 
These FCC's are helpful for groundwater studies as the landforms, 
drainage system, moisture content are easily picked up. 
Plate - 51 
Plate - 52 
Plate - 53 
CHAPTER-V 
GEOLOGY 
Physiographically, India is divided into three main divisions: the 
Peninsula, the Himalaya and the Indo-Gangetic Plain (Fig. 16). The Indio-
Gangetic Plain has further been divided into the following basins: the Sindh 
basin of Pakistan, the Punjab basin, the Ganga basin, the Bengal basin and 
the Barhamputra basin. 
GANGA BASIN 
The Ganga basin extends from Delhi Ambala ridge in the west to 
Monghyr-Saharsa ridge in the east and is bounded by the Himalaya in the 
north and the Peninsula in the south.The alluvium of the Ganga basin comprises 
alternate beds of sand, and clay with occasional interbeds of Calcareous 
concretion (kankar). 
Origin of the Ganga Basin 
The various shades of opinion regarding the origin of the Ganga basin 
are as follows: 
The earliest opinion in regard to evolution of the Ganga basin is that it is 
a foredeep formed in front of the rising Himalayas (Suess, 1893-1924). 
Burrard (1915), felt that the Ganga basin represented a great rift valley 
several thousand feet deep and not a synclinal foredeep. 
Oldham (1917), agreed with the foredeep nature of the basin but 
expressed reservation in accepting the mechanism offered by suess. 
Krishnan and Swaminathan (1959), suggested that the Ganga basin 
was an integral part of the great Vindhyan basin which extended northward 
underneath the Lesser Himalayan region of Nepal and Gartiwal Himalaya. 
Ganser (1964), suggested that the Ganga basin infront of the Himalayas 
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doesn't represent a sediment filled foredeep but the depressed part of ttie 
Peninsular shield which in all likelihood faulted against the outer Himalayan 
front. 
Krishnan (1968), considered the origin of the Ganga basin to a sag or 
depression which has been formed by buckling down of the crust in obedience 
to the pressure exerted on the borders of the peninsula by compressive forces. 
Dickinson (1974), consider the Indo-Qangetic trough as the most 
impressive present day peripheral foreland basin formed as a result of continent-
continent collision between Indian and Asian plates. 
Miall and Bailey (1981), said that, the basin is a foreland basin rather 
than a foredeep. 
Valdiya (1982), interpreted the origin of the Ganga basin as a resultant 
effect of sagging of the northern flank of platform around Bundelkhand shield 
following the main episode of the Himalayan Orogeny. 
Lyon-Caen and Molner (1985), viewed, that, shallow depression was 
created south of the rising Himalaya due to the bending of the Indian plate 
produced through overriding of the Lesser Himalayan napes. 
Nakata (1989) delineated the Himalayan Frontal Fault between the 
outermost Neogene Himalayan hills and the northern end of the Ganga basin. 
Earlier, Even, (1964) suggested a fringe fault affecting the entire northern margin 
of the Peninsular extention further north towards the Himalaya, he named this 
fault as Dawki fault on the basis of his detailed studies in the Barhmaputra 
valley in Assam. 
Thakur (1994-1995), considered that, the marine to fluviatile Tertiary 
sediments of the outer Himalaya and the Ganga basin were deposited in the 
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foreland basin with thickness varying from about few meters in the southem 
most part of the Ganga basin to about few thousand meters close to the outer 
Himalayan foot hills. 
Shukia et. al., (1994), classified the Ganga basin into two major 
sedimentary cycles separated by a pronounced unconformity which include 
the pre-unconformity cycle and post-unconformity cycle. The pre-unconformity 
sequence is represented by Bahraich-Sahaspur cycle consisting of Bahraich 
Group, Madubani cycle comprising of Madubani formation and Puranpur cycle 
represented by Ujhani, Tilhar and Kamapur formations. While, the post-
unconformity cycle is represented by the Neogene mollasse. 
Pramanik et al., (1996), viewed that, the Ganga basin is a poiycyclic 
basin with six main phases of geologic evolution (1) Early Proterozoic 
intracratonic - pericratonic sedimentation cycle, (2) Middle Riphean intracratonic 
cycle, (3) Late Riphean pericratonic cycle. (4) Early Permian-Early cretaceous 
intracratonic cycle. (5) Triassic-Middle Eocene Tethyan Continental Margin Cycle 
and (6) Neogene peripheral foreland cycle. 
The basin initiated as an intracratonic rift during Early Proterozoic in 
extensional phase and subsequently changed over to a pericratonic set-up. 
India-Asia collision at 45-50 Ma changed the geotectonic setup from 
divergent to convergent type (Biswas, et al., 1993) resulting in emergence of 
the Himalayas and concomitant development of peripheral foreland basin with 
deposition of the Neogene molasse overpre-orogenic palaeogene shelf suites. 
These shades of opinions regarding the origin of the Ganga basin 
conform to the creation of a depression infront of the newly risen Himalaya 
during Middle Pliocene time, when the Himalayas underwent severest phase 
of folding and thrusting. 
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This depression was rapidly filled up by the sediments brought by the 
rivers emerging from the younger Himalayas as well as through the rivers draining 
« 
the northern fringe of the peninsula, thereby giving rise to the present 
configuration of the Ganga basin. 
The Tectonic Framework of the Ganga Basin 
Sastri ef al. (1971), divided the Ganga b£^ sin into (1) East Uttar Pradesh 
shelf (2) Faizabad High (3) West Uttar Pradesh Shelf (4) Sarda Depression 
and (5) Gandak depression (Fig. 17). 
However, Faizabad High form the northern extension of the Bundelkhand 
granitic massif (Eremenko, et al., 1968 and Sastri, etal., 1971). 
Recently, Pramanik etal., (1996) has given a more precise classification 
of the Ganga basin which are tectonically consists of alternate ridges and 
depressions (Fig. 18), as follows: 
1. Delhi - Hardawar ridge. 
2. Bundelkhand - Allahabad ridge. 
3. Shikohabad - Lucknow - Farenda ridge. 
4. Zamania- Sitamarhi ridge. 
5. Monghyr- Saharsa ridge. 
6. Sahaspur depression. 
7. Bahraich depression. 
8. Puranpur depression. 
9. Gandak depression. 
10. Madhubani depression. 
11. Purnea Graben. 
Along with these elements the major deep seated faults has controlled 
the basin architecture as well as sedimentation in the basin. As a whole, the 
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Fig.18: Tectonic Map of the Ganga Basin. 
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basin consists of alternate ridges and depressions which have been grouped 
into two categories: 
I. Basement Ridges 
1. Delhi - Hardwar ridge 
This ridge is a northeastward extention of the Delhi ridge 
underneath alluvium towards the Hardwar (Ramchandra Rao, 
1974). It represents the northward continuation of Delhi rocks. 
2. Bundelkhand - Allahabad ridge 
Bundelkhand granite, the caratonic basement outcropping at 
the southern fringe of the Ganga basin constitutes the basement 
complex for the sedimentary sequence in the Ganga basin. 
(Sengupta, 1962 and Sastri, etal., 1971). 
3. ShikQhabad-_Lucknow.-J=arendai'ldge 
The ridge is a complex structural feature with east-west trends 
and easterly plunge and loses identity between Bahraich and 
Balrampur.This ridge is essentially a product of positive inversion 
of 35 km. wide east west treading graben. 
4. Zamanla - Sitamarhi ridge 
This ridge has NE-SW trends and re'presents the eastward 
extension of Bundelkhand-Allahabad basement ridge (Khar and 
Jokhan Ram, 1994). The ridge is bounded by faults, one on the 
north western flank probably continuation of the Ganga fault 
and the other one on the southeastern flank demarcates the 
Madhubani depression. 
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5. Moghyr - Saharsa ridge 
The ridge is the northern promontory of the Peninsular shield as 
well as it is the eastern limit of the Ganga basin. 
Structural Depressions 
1. Sahaspur depression 
This depression is the relict Proterozoic intracratonic-
Pericratonic basin. It got isolated from its eastern continuation 
(Bahraich depression) following right lateral dislocation along 
the great Boundary/Agra-Tanakpur fault around 1017 My. 
2. Bahraich depression 
This depression is an east-west trending superdeep 
intracratonic graben that developed during Early Proterozonic 
by rifting of Bundelkhand massif along Tundla-Bahraich axis 
during 1800 My 
3. Puranpur depression 
The depression is initiated as a pull-apart basin at around 
1017My coeval with the Delhi orogeny and genetically related to 
it. 
4. Gandak depression 
This depression followed a similar pattern of its development 
as that of Puranpur depression. Gandak basins appear to 
converge north ward and probably constitute the southern margin 
of the succeeding pericratonic basin following a northerly tilt. 
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5. Madhubani depression 
The depression is a narrow graben and essentially the 
northeastward extension of epicontinental Vindhyan basin. Patna 
fault defines the southern margin of Madhubani basin. 
6. Purnea graben 
The graben is a Permian Gondwana graben. The basin 
appears to be a back-to-back half graben with intrabasinal high 
representing a transfer zone. 
The present configuration of the Ganga basin is a result of the 
tectonic activity which has given the basement the form of ridges 
and depressions crossed by longitudinal and transverse faults. 
However, the study area is a part of the central Ganga basin 
and is located southeast of the Delhi-Hardwar ridge and 
northwest of the Great Boundary Fault. 
SUB-SURFACE GEOLOGY OF AREA 
The exploratory drilling carried out by the Oil and National Gas 
Corporation (O.N.G.C.) and the Central Ground Water Board (C.G.W.B.) in 
search of petroleum and groundwater in the Central Ganga basin respectively 
have generated drilling data down to the basement and have helped in 
establishing the sequence of sedimentary rocks in the central Ganga basin. 
However, two deep exploratory wells were drilled at Kasganj and Ujhani 
respectively which are located about 30 Km. due south and south east of the 
study area. The bed rocks encountered at Kasganj at depth of 620 m is lower 
Bhander Limestone. The same Limestone was encountered at a depth of 967m. 
at Ujhani about 10 km. further north across the Ganga river, possibly there is a 
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fault along which the present Ganga river flows. The Ujhani side appears to be 
on the down thrown side which shows a clear throw of 347m. On the basis of 
this finding it can be suggested that the Lower Bhander Limestone may be 
encountered around Anupshahr (Centre of the area) at a depth around 700m. 
Hence the sub-surface geology of the study area may possibly be as 
follows:- ( T a b l e - 1 1 ) 
Sequence of 
Geological Foramations 
Quaternary sediment 
Siwaliks 
(Middle + Upper) 
Lower Bhander 
Limestone & sandstone 
Bundelkhand Granite 
Depth range(m) 
0-360 
Unconformity 
360-620 
Unconformity 
Unconformity 
(Basement Complex encountered at 2061m.) 
Age 
Quaternary 
Neogene 
Upper 
Proterozoic 
Archean 
The Bundelkhand Granitic massif undenwent faulting during the Middle 
Proterozoic time generating East and West Uttar Pradesh Shelves and Faizabad 
High between the two. The deposition of the Upper Vindhyan sediments took 
place in the West Uttar Pradesh Shelf where Lower Bhander Limestone and 
Sandstone were deposited. Then for a along time this Upper Vindhyan 
Formations were eroded and during the Middle Mio-Pliocene Periods Siwaliks 
were deposited on the eroded surface of the Vindhyan, Thereafter, the violent 
phase of the Himalayan uplift took place during the close of Pliocene period 
which lead to further sagging of this basin which became the site of deposition, 
through the rivers emerging from the young Himalayas and the rivers draining 
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the northern fringe of the peninsula respectively, thereby, giving rise to the 
present configuration of the Ganga basin during the Quaternary period. 
This Quaternary alluvium consists of alternate beds of sand and clay 
down to the bed rock except the Bhabar zone which mainly comprises bouldery 
strata mixed with the cobbles, pebbles, gravels, and sand and extends sub 
parallel to the Himalayan foot hills from Jummu to Assam. 
CHAPTER-VI 
HYDROGEOLOGY 
All water on this earth is a part of the hydrologic cycle i.e. the circulation 
of water from sea surface through evaporation which undergoes condensation 
in the atmosphere and finally results in precipitation on the earth surface. The 
fraction of precipitation which infiltrates into the ground and joins the zone 
of saturation is called groundwater, which is a stable component of the hydrologic 
cycle (Bowen, 1980). 
Groundwater occupies the pore spaces.in the porous and permeable 
alluvial formation v^ i^ch is called an aquifer. Hence, hydrogeology, is concerned 
primarily with the mode of occurrence, distribution, movement and chemistry of 
water occurring in the zone of saturation under subsurface geological 
environment. In other words, it deals with the subsurface distribution of 
permeable rock formations and their ability to receive, store and transmit 
groundwater which forms the basis for scientific source finding and the evaluation 
of sustained productivity of groundwater reservoirs (Karanth, 1987). 
The groundwater resources are distributed unevenly in various geological 
formations both in space and time. Therefore, hydrogeological investigation in 
an area aims to identify major water bearing units with their locations, lateral 
and vertical extents, their inter-relationship, recharge and discharge areas 
besides, determination of aquifer parameters like transmissivity, hydraulic 
conductivity specific yield and storage coefficients and reserve estimation and 
groundwater quality According to Walton (1970) it can be put in another way 
as "By investigation is meant the collection, synthesis and interpretation of 
data so that one can define the environment in which groundwater occurs and 
the flow system of the groundwater bodies. The environment includes the 
geometry of the aquifer system (area, depth, thickness and extent of water 
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bearing bed) its storage and transmission proporties (effective yield and 
premability of the formations) and the chemical composition of the water and 
the aquifer materials. The flow systems covers hydraulic boundary conditions, 
hydraulic head distribution, recharge and distcharge of the system and the 
response of the system to physical and chemical changes, and relation to 
adjoining surface water. To describe and interpret these kinds of things is the 
purpose of investigation" at hand. 
Thus, an understanding of the hydrogeological framework of an area is 
essential for proper management of groundwater resources. 
Finally, knowing the dimensions of the producing horizons, their 
dispositions, hydrogeologic properties and their interconnections with source 
of replenishment and disposal is a prime concern of the hydrogeological studies. 
BACKGROUND OF THE STUDY AREA 
The Indo-Gangetic Plain, the second important physiographic division 
of India is a huge alluvial tract, made-up of a thick pile of Quaternary 
unconsolidated sediments comprising alternate beds of sand and clay, where 
sand bodies form most potential aquifers. However, the state of Uttar Pradesh 
covers most of the Ganga basin and has been divided into four hydrogeological 
zones viz. piedmont zone or (Bhabar), Wet Land zone or (Tarai), Central Ganga 
plain or (Axial zone) and southern marginal zone (Fig. 19). 
Piedmont Zone (Bhabar) 
The piedmont belt stretches parallel to the Himalayan foothill and 
extends due south upto the spring line. It is formed by lateral coalescence 
of fan deposits which comprise boulders, cobbles, pebbles and gravels 
mixed with sand. Groundwater occurs under unconfined condition with 
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deep water table (30 to SOm.b.g.l.) near the foothill which gradually 
decreases and finally appears as a series of springs at Its terminous due 
south. 
Wet Land Zone (Tarai) 
The spring line forms the northern boundary of the wet land zone, while 
its southern limits imperceptibly merges with the Central Ganga Plain due south. 
This belt runs parallel to the piedmont zone and is characterised by thick clayey 
horizons in alternation with the beds of sand and gravel with frequent free 
flowing conditions. The piezometric head of the wells in this zone varies between 
6.90 to 8.90 meters above the ground level. This belt is known as the artesian 
zone of the Ganga basin. 
Central Ganga Plain (Axial Zone) 
This vast alluvial tract covers about 70% of the State of Uttar Pradesh 
(Singh, I99i) encompassing the Ganga-Yamuna interfluves and comprises 
several potential aquifers down to the bed rock. Yamuna river and its confluence 
with the Ganga stretching from west-north-west to east-south-east forms the 
southern limit of the plain.The Quaternary alluvium consists of fine gravels and 
various grades of sand, silt and clay often intercalated with calcareous 
concretions (Kankar).They are generally lenticular in shape and there are rapid 
alternation and gradations between the granular and clayey horizons. 
Groundwater occurs under water table conditions in the shallow aquifers, and 
semi-confined to confined conditions in the deeper aquifers. 
Southern Marginal Zone 
This sub-zone lies between the Ganga river and the Bundelkhand 
Granite - Vindhyan highlands. The alluvium has limited thickness and is 
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composed of clay mixed with kankar, silt and various grades of sand with 
occasional gravels. The groundwater occurs under unconfined to confined 
conditions. 
The study area spread on the two banks of the Ganga river which 
forms a part of the axial zone. The river Ganga is the principal stream and 
has given rise to the various aquifer types through its varying flow regimes 
over thousand oi years during its past history. 
EVOLUTION OF AQUIFERS 
The evolution of aquifers in fluvial system is dependent upon the 
hydrodynamics of the flow regime, geology and topography of the terrain, leading 
to the terrigenous clastic deposition system, which are typically represented as 
the channel, flood plain, and back-swamp deposits. 
Channel Deposit 
The typical channel deposits of the river Ganga as observed in the 
study area from bottom upward comprise coarse sand mixed with gravel through 
medium to fine sand to silt and finally capped by a thin clay layer at the top. This 
top clay and some fine sand layers are washed away during the succeeding 
flood period and a fresh body of sand with the fining upward sequence is 
deposited again each year during the flood, forming thereby a reasonably thick 
terrigneous clastic deposits till the river changes its course due to some tectonic 
control through convulsion. These thick bodies of sand form the potential 
repositories of groundwater or the most potential aquifers. 
Flood Plain Deposit 
During the flood season when the flood water overflows the banks, 
medium to fine sand bodies of moderate thickness and limited areal extent are 
93 
deposited over the flood plain. These lenticular bodies of sand form the 
moderately potential aquifers in comparison to the highly potential aquifers of 
the channel deposits. 
Back-Swamp Deposit 
The flood water, further moves down the slope, to the low lying areas 
where it is left predominantly with the suspended materials which get settled 
under the influence of gravity and form a lensoid body of sand which is further 
overlain by the still finer elastics i.e. clay. Thus, there occurs enclaves of sand 
bodies intercalated within the underlying and over-lying thick clay beds. Such 
bodies of sand form the low potential aquifers. These aquifers are typical 
representatives of back-swamp environment. 
Thereafter, the river changes its course under tectonic control through 
convulsion or some other factors like earthquake etc. Thus, with the passage 
of time, the position of channel, flood plain, and back-swamp deposits also 
continues changing. That is why no continous body of sand or clay, except 
under certain extraordinary situation, is encountered in a single drill hole. The 
above lithological variations are attributable to their mode of deposition by the 
constantly migrating nature of the Ganga river. 
The Ganga fluvial system which has generated various aquifers in the 
area are as under: 
a). The channel deposits are thick bodies of aquifers of infinite areal extent, 
hence, form most potential groundwater reserviors. 
b). Flood plain deposits giving rise to the lenticular type of aquifers, limited 
in thickness and areal extent and are moderately potential, 
c). Lensoid bodies of sand occurring as enclaves or stringers within the 
thick clay bed, generally form the low potential aquifers often with the 
quality problems. 
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The terrigenous clastic depositional system of the river Ganga in the 
area of investigation is an index of its complex hydrodynamic regime which 
generated various aquifers in the Ganga basin. 
SOURCES OF RECHARGE OF THE GROUNDWATER BODIES 
As the area lies under the suthtropical climatic zone, where the monsoon 
breaks in the 2nd week of June and ends in September each year. The months 
of July and August receive 90% of the total rainfall which forms the chief source 
of recharge to the groundwater bodies. Besides it, the seepage from the canals 
and the irrigation return flows form other sources of recharge to the top aquifers. 
However, the deeper confined aquifers get recharged through the piedmont 
zone close to the Himalayan foothills due north. 
STATUS OF GROUNDWATER EXPLORATION 
No exploratory borehole was ever drilled by any agency so far in the 
study area (Fig. 20a & b). However, the construction of deep irrigation tubewells 
by the State Tubewell Department, Government of Uttar Paradesh, down to a 
maximum depth of 120m.b.g.l. remain the only source of sub-surface lithological 
and hydrological data. These data were utilised to prepare the fence diagram 
and the various hydrogeological cross-sections of the area of investigation in 
order to depict the aquifers disposition, their inter-relationships and their vertical 
and lateral extents. 
AQUIFER SYSTEM 
The hydrogeological cross-sections A-B, G-D, E-F and G-H (Fig. 21 a, b, 
c & d), distributed across the entire area, in which three cross-sections, A-B, C-
D and E-F runs from east to west, while G-H cross - Section is diagonally 
passing the entire area from North-East to South-West. 
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A perusal of the cross-sections depicts as follows: 
The hydrogeological cross-section along A-B starts at Jahangirabad 
in the west and ends at Thati village in the east. The depth of borehole varies 
from 83 to 100.6m.b.g.l. However, the cross-section shows a single aquifer 
down to lOOm.b.g.l. intercalated with two to three lenticular beds of clay in 
between. The thickness of the top clay bed, appears to increase due west. 
Along C-D cross-section, it is observed that the top clay bed which 
is initially about 15m thick due west at Dabaka, decreases gradulally in thickness 
to only 2 m due east at Pathakpur. In Pathakpur tubewell we find alternate 
beds of clay and sand but the thickness of clay beds decreases with depth. 
Here also, it appears that there is a single aquifer down to 105 m.b.g.l. 
The cross-section E-F starts at Jirajpur in the west and ends at Dubari 
kalan in the east. In this section it is obsen/ed that below the top clay blanket 
there occurs a single aquifer down to the depth of lOOm.b.g.l., close to the 
Ganga river. However, on the right bank tract due west, there is a rapid alternation 
of thick but lenticular clay beds with the granular zones. This interleaving has 
subdued the thickness of granular zones on the west bank tract. 
Finally along the G-H corss-section, which starts at Sambhal in the 
northeast and ends at Chundera in southwest, it is observed that the top clay 
bed prevales all over the area and below it, there occurs a single aquifer system 
down to the depth of 108m.b.g.l. in Thati and Bhaklrauli wells. The clay beds 
occur as usual in lenticular shapes intercalated within the granular zones. These 
clay beds are slightly thicker on the right bank tract close to the river Kali. 
in general all the cross-sections show that the granular zones attain 
thickness towards the Ganga river on both the banks. Moreover, the granular 
zones appear to decrease in thickness from north to south on the eastern and 
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western ends, which indicate backswamp deposits of earlier depositional 
environment. However, the clay beds are found occessionaly interclated with 
the calcareous concretions (Kankar). 
The fence diagram (Fig. 22) which depicts the disposition of the aquifer 
systems in the entire area, by and large, substantiate the following facts: 
That there occurs a single aquifer system down to the depth of 
120m.b.g.l. or more. This aquifer is often found intercalated with thin lenticular 
clay beds at varying depth somewhere in between. 
The top clay bed appears persistent in the entire area though, its 
thinckness decreases due east. Moreover, the clay beds intercalated within the 
aquifer decrease in thickness with depth but gradually attain thickness at the 
western and eastern ends below Kali and Mahawa rivers respectively, which 
shows their back-swamp depositional nature. 
The sediments fomning the aquifer are fine to medium grain sand at 
shallow depth which become coarser with depth. 
The granular zone attains thickness closed to the river Ganga at 
both the banks but the left bank has thicker granular zone as compared to the 
right bank tract. 
The aquifer system behaves as confined wherever the granular 
zones are bounded at the top and bottom by thick clay beds but at places it 
shows semi-confined nature where either of the confining beds is an aquitard. 
However, the top aquifers are water table aquifers. 
SAND PERCENT MAP 
The sand percent map (Fig. 23) has been prepared from the aquifer 
materials collected from the various boreholes drilled alloverthe area down to 
a maximum depth of 120m.b.g.l. to identify the variation of sand and clay 
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thicknesses and lateral extents. Thus, the area has been divided into four sand 
percentage zones on the basis of reasonable variations in the sand / clay ratio 
viz. (1) <40 (2) 40-60 (3) 60-80 (4) >80 percent. 
On the right bank tract the sand percent is very low (<40%) in the Kali-
-Nim interfluves, but gradually increases towards the Ganga river and ranges 
between 60-80%. On the left bank tract at Sarnbhal upland, which extend in 
NW - SE direction, the sand percent was found less than 40% and in the area 
lying between Sarnbhal and the Tikta river, the western upland margin the 
sand percent varies from 40 to 60%. Further west in the Tikta-Mahawa and 
Mahawa-Ganga interfluves the sand percent gradually increases from 60 to 
80% and greater than 80% respectively. 
The area near to the river Ganga shows that the granular zone increases 
towards the river Ganga on both the banks. Sand percent at the right bank 
ranges between 60 to 80% while, at the left bank tract it is recorded more than 
80%. This is f u rther substantiated by the fence diagram and the hydrogeological 
cross-sections. 
GRAIN SIZE ANALYSIS 
The number, size, shape and interconnections of the pore spaces of 
aquifer materials determine the movement of groundwater. In other words, 
permeability is an important quantitative measure which governs the hydraulic 
transmission of groundwater through an aquifer and is the function of the medium 
alone (Masch, 1966). 
The most common method of measuring particle size is sieving. The 
process of analysing sediments forthe range of size present is called mechanical 
analysis. The purpose of mechanical analysis is to obtain graphic or numerical 
data about particle size in a sediment. Size analysis has been used in 
determining if a sand will contain water. 
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Many earlier workers attempted to relate properties of the aquifer 
materials to the transmitting capabilities (permeability) of an aquifer. 
Graton and Fraser (1935) measured the porosity of spheres in cubical 
array as 47.6 percent and rhombohedral array as 26 percent which is the most 
stable array 
Krumbein and Monk (1942) studied the effect of both particle size and 
sorting in artifically mixed sand and expressed their results in the following 
equations: 
K = 760d2e^3«o 
where, 
K = Permeability in darcys. 
d = Geometric mean diameter. 
e = Dimensionless constant 2.718. 
a = Log standard deviation of size distribution which is dimensionless. 
760 = A constant for the conversion of permeability units to darcy 
Bedinger (1961), correlated between the laboratory permeability values 
and median grain size in which he found that a straight line relation existed 
between the logarithm of the permeability and the median grain size diameter. 
The result obtained revealed that the permeability expressed in gal/ftVday 
ranged from 9000 for very coarse sands to about 10 for very fine sands. 
Jhonson (1963) worked out a similar experimental work like Bedinger 
and his result, also closely agreed with those of Bedinger. 
Preuss and Todd (1983) tried to relate the specific yield to several physical 
properties of sediment samples including representative grain size diameter 
and a uniformity coefficient. As a result, they found that the median grain size 
(djo) was best studied as a measure of representative grain diameter, while the 
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uniformity coefficient (CU) used to describe grading or particle size distribution 
in the aquifer material. The uniformity coeficient (CU) is tfie average slope of 
the grading curve between 10 and 60% sizes and is given by: 
CU= d3„/d,„ 
dgo = Grain size of 60% finer by weight. 
d,(, = Effective grain size or the grain size of 10% finer and 90% 
coarser by weight. 
The result of this work revealed that; (I) the maximum value of specific 
yield occured for d^ ^ between 0.4 to 0.5 mm, (ii) the specific yield decreased for 
the values of d^ ^ outside the range, (iii) in general, specific yield decreases as 
the magnitude of uniformity coefficient (CU) increases. 
Cohen (1963) carried out a study similar to Preuss and Todd and found 
similar results. 
Masch (1966) concluded that the permeability values increases with 
the increasing values of the median grain 6^ diameter. 
Uma et al., (1989) has given a new statistical method for the grain size 
to evaluate the hydraulic conductivity (K) of the sandy aquifers, which is as 
follows: 
K = A(d , / 
where, 
A = constant (established value for sandy aquifer equal to 6) 
d,Q = effective grain size. 
In the present study, aquifer materials were collected from drilling sites 
as well as sand samples from both the banks and the channel deposits of the 
Ganga river were collected and mechanically analysed. 
The equipment required for sieve analysis includes: 
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1 - Small hot plate for drying the samples. 
2- Set of standard testing sieves (Mesh No. 20,25, 35, 45, 60 80, 
120,170, 230 and Pan). 
3. Physical balance for weighing the sand samples. 
Procedure 
A representative sample of 100 to 200 grams was taken in laboratory 
by coning and quatering, dried in oven and exact weight (100 grams) was poured 
into the top sieve and covered with lid. The whole nest was shaken through 
electrical sieve shaker for about 15 minutes and the material retained in each 
sieve was weighed accurately and the data obtained were statistically analysed 
(Appendix II). The percentage of the material passing through each sieve has 
been given a point on the grading curve.The grading curves were plotted on a 
semi-log paper (Fig. 24a, b, c, d, e, f) and the following parameters were 
determined: 
Effective Grain Size (d^J 
The term effective size was developed by Allen Hazen (1892) and he 
defined it as the particle size when 10% of sand is finer and 90% is coarser. 
However, it has been accepted that d,^ is the most important parameter among 
those governing the permeability of a medium, (Marsily 1986). 
Uniformity Coefficient (CU) 
Uniformity coefficient is an average slope of the grading curve between 
10% and 60% size and is given by: 
CU = d3,/d,„ 
The uniformity coefficient gives an idea of grading particle size distribution 
in the material. However, lower values i.e., less than 2, indicate more uniform 
material or poor grading, while higher values show well graded material an 
indicative of lower porosity (Raghunath.l 990). 
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Hydraulic Conductivity (K) 
The hydraulic conductivity has been determined using Uma et al. (1989) 
formula which is as follows: 
K = A ( d , / 
The result of the above parameters are given in the (Table-12) below: 
Location 
Pandrawal 
Deogawan 
Ganga river 
(Rajghat) 
30 cm 
60 cm 
Ganga river 
(Shjhanabad) 
30 cm 
60 cm 
Rajaul 
Maubhur 
Effective 
grain 
size (mm) 
0.072 
0.070 
0.094 
0.084 
0.10 
0.080 
0.125 
0.071 
Uniformity 
coefficient 
1.94 
1.85 
1.56 
1.67 
1.52 
1.60 
1.68 
1.97 
Hydraulic 
conducti-
vity Cms-1 
0.031 
0.029 
0.053 
0.042 
0.05 
0.042 
0.032 
0.030 
Hydraulic 
conducti-
vity m/day 
26.86 
25.39 
45.80 
36.28 
51.85 
36.58 
26.66 
25.91 
A perusal of the above table shows that the effective grain size of the 
aquifer material ranges between 0.07 to 1.25mm, indicating that the sand size 
ranges between medium to fine. The effective grain size of the river Ganga 
sediments on the right bank ranges between 0.084 to 0.094mm and on the left 
bank between 0.08 to 0.10mm which reveal that the right bank of the Ganga 
river sediments are finer than the left bank sediments. 
The uniformity coefficient ranges between 1.68 to 1.97 which is less 
than 2, indicating that the porosity is high i.e., they are uniform. The uniformity 
coefficient of the sediments of both the banks of the river Ganga ranges between 
1.52 to 1.67, which indicates high porosity However, the left bank sediments 
have higher porosity in comparison to the right bank sediments. 
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The hydraulic conductivity of the aquifer material ranges between 25.39 
to 26.86m/day while of the Ganga sediments ranges between 36.28 to 51.85 
m/day. 
DEPTH TO WATER LEVEL 
The groundwater regime of an area is very well defined by its depth to 
water level maps. The water level is defined as a water column which stands in 
a well penetrating the aquifer. Therefore, the measurement of the water level 
from the dugwells is considered to be quite enough to represent the water level 
in the area of investigation, (Plate-54). 
The depth to water level map depicts the regional variations of depth to 
water level below the ground in an area, as well as, the recharge and discharge 
areas. The recharge area is characterised by deeper water table, whereas, 
shallow water table indicates a discharge area (Fetter, 1988). 
The data collected, during June and November 1994 & 1995 (Appendix 
IVa and IVb) of evenly spaced 201 observation well-networks spread over the 
entire area under investigation were utilised to prepare depth to water level 
maps for the pre-monsoon (June) and post-monsoon (Nov) periods (Fig. 25a & 
b and Fig. 26a & b). 
Pre-Monsoon Depth to Water Level Maps (June 1994,1995) 
A perusal of the pre-monsoon depth to water level maps 1994 & 1995 
(Fig.25a & b) depict that the depth to water level on the left bank ranges between 
4m.b.g.l. adjacent to the left bank of the Ganga river to 11 m.b.g.l. at Sambhal 
high land. 
On the right bank tact, it is observed that the depth to water level close 
to the Ganga river is recorded as 6 to Sm.b.g.l. which increases gradually due 
Plate - 54 : Author measuring water level 
of a dug well. 
78 15 7 8'20 78*15' 7 8*30 
78 10 7 8*15' 7 8'JO' 7 8*15' 7 8*JO' 
Fif.25a: Depth to Water Level Map (Pre-monsoon,June-1994) 
78* 15' Ta'jo' 
7i JO 7l'l5 7»'J0 7»*JS' 7 8 JO 
Fig.25b; Depth to Water Level Map (Pre-monsoon,June^995) 
1 8*15 78 JO 7 8* JO' 
78*10' 7 ••IS'. 7 8*JO' 7»*2S 7 8*10' 
Fig.26a: Depth to Water Level Map (November,1994) 
7I-3S 
7e*i5- 7«*J0' 7e°?5 7» JO 
Fig.26b: Depth to Water Level Map (November,1995) 
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west to 1 Sm.b.g.l. at Khakunda located on the left bank of the Kali river. However, 
the depth to water level, in the area along the canal ranges between 6 to 8m.b.g.l. 
A comparison of pre-monsoon 1994 and pre-monsoon 1995 maps 
shows that the water level during 1995 was recorded slightly deeper in all 
observation wells than that of pre-monsoon water level during 1994. This 
differences may be attributed to the low rainfall in 1994 followed by heavy 
withdrawal of groundwater. 
Post-Monsoon Depth to Water Level Maps (November, 1994 
& 1995) 
The post-monsoon depth to water level .during 1994 (Fig. 26a) varies 
between 6 to 14m.b.g.l. on the right bank and 2 to lOm.b.g.l. on the left bank 
tract. However, during 1995 the depth to water level ranges between 6 to 
12m.b.g.l. on the right bank tract and from 2 to lOm.b.g.l. on the left bank tract. 
A comparative study of the post-monsoon depth to water level maps of 
1994 and 1995 (Fig. 26b) show a rising trend of the water level near the canal 
command area while declining trends in the remaining parts which may be 
due to the excessive withdrawal through shallow tubewells. 
WATER LEVEL FLUCTUATION 
Water level monitoring is an essential component of field studies. The 
measurement of water level fluctuation in the observation wells is an important 
facet of groundwater studies. 
Water level fluctuation can result from a wide variety of hydrologic 
phenomena, some natural and some induced by man. 
In many cases, there may be more than one mechanism operating 
simultaneously and if measurements are to be correctly interpreted, it is 
important to understand the various phenomena. These maybe rainfall infiltration 
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to the water table, air entrapment during groundwater recharge, bank storage 
effects near streams, atmospheric pressure effects, groundwater pumpage, 
seepage through canal beds, agricultural irrigation and drainage etc. (Freeze 
& Cherry 1979). 
The fluctuations in the study area, are the level differences in the pre-
monsoon (June, 1994 & 1995) and post-monsoon (Nov. 1994 & 1995) water 
levels. This difference in water level shows a seasonal pattern fluctuations. 
This result from influence of rainfall infiltration, evaporation, bank storage effects 
near streams, canal seepage and irrigation pumpage that follow well defined 
seasonal cycles. 
Moreover, the groundwater level fluctuation is the function of the 
recharge and discharge in the area. The recharge is controlled by the 
distribution of the rainfall, climate, topography, seepage from the canals and 
irrigation return flows, while the discharge is controlled by changes in the 
groundwater storage, either by excessive withdrawal or excessive depletion of 
the normal rainfall or both. 
Generally, the water table is deep in topographic high and shallow in 
the topographic lows. Contrary to it, the annual fluctuation of water table is 
less in the upland and more in the topographic lows, with the same amount of 
rainfall in the area which may be attributed to the distinct lithological control. 
That is, wherever the impermeable zone predominates over the granular zones 
it shows lesser fluctuation and wherever the granular zones predominate clayey 
horizons higher fluctuations are recorded. 
Water level responds to alternating series of wet and dry years in which 
recharge from precipitation is above or below the mean (Walton, 1970). Thus, 
the subsurface outflow or inflow component of groundwater makes this 
difference. 
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The water level fluctuation in the area have been worked out (Appendix 
IVa & IVb). The (Fig. 27a & b) shows that, the water level fluctuations in the 
area ranges between 0.6 to 2m. in the year 1994, while in the year 1995 varies 
from 0.4 to 2.0m., this difference may be due to the scanty rainfall in 1994 and 
higher rainfall during the year 1995. 
The study shows that, the microhydrogeological changes occurring in 
the area, are the resultant of the variations in the litho-units and their recharge 
capacities, which is further, substantiated by the sand percent map, in which it 
is observed that, higher fluctuation values indicate predominant granular zones 
while lower values show predominant clayey horizons. 
FORM AND SLOPE OF WATER TABLE CONTOURS AND 
GROUNDWATER MOVEMENTS 
Water level data of observation wells collected during pre and post -
moonsoon i.e. June and November (1994 and 1995), where analysed and 
altitudes of water level with reference to mean sea level (reduced level) were 
plotted and water table contour maps were prepared with contour interval of 
one meter. 
The behavior of the contours and their relation to each other give us a 
good idea about the movement and behavior of groundwater, groundwater 
flow direction, recharge and discharge areas, hydraulic gradient and nature of 
the stream draining the area. 
In a water table contour map convex contours indicates area of 
groundwater recharge, while concave contours are associated with groundwater 
discharge areas (Todd, 1980). Moreover, the convergence of flow lines depicts 
the area of discharge and divergence of flow lines indicates area of recharge 
(Fetter, 1980). 
71*15' 
7«*10' 7»*15' 7»*J0' 7e°2S' 7**J0' 
F i g . 2 7 a : Water L e v e l F l u c t u a t i o n Map ( 1 9 9 4 ) . 
7«*10' 7«*IS' r»*io' 7e*25' 7e*io' 
Fig.27b: Water Level Fluctuation Map (1995) 
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A perusal of the pre-monsoon (June 1994 & 1995) water table contour 
maps (Fig. 28a and b) show the elevation of the water table ranges from 
189m.a.m.s.l. in the northwest to 166m.a.m.s.l. in the southeast respectively. 
The groundwater flow direction is from northwest to southeast, which is 
inconformity with the regional groundwater flow in the Central Ganga basin. 
Besides it, some local flow directions are also observed. However, on the right 
bank tract, the local groundwater flow is observed from west to east, northeast 
to southwest, and southwest to northeast, which join the Ganga, Nim, Chhoyia 
and Kali rivers respectively and indicate there effluent nature. Further, on the 
left bank tract, the local flow is from north to south which joins the local drainage 
networks comprising Tikta, Bagad, Mahawa and Bardmar rivers which too depict 
there effluent nature. But, the left bank of the river Ganga is influent in nature. 
These variations in the groundwater flow direction are controlled by local factors. 
A perusal of the June 1994 and 1995 pre-monsoon water table contour 
maps (Fig. 28a & b) shows that, on the right bank tract there, in all, are three 
groundwater mounds, developed close to the feeder canals due to the excessive 
seepage through the canal beds into the top aquifers. Also, there are three 
troughs, one very closed to the right bank of the Ganga river, and the other two 
occur in the Kali-Nim interflures. These troughs are resultant of excessive 
withdrawal of groundwater much higher than the average annual recharge. 
However, no mound or trough is observed on the left bank tract. 
The post-monsoon (Nov. 1994 and 1995) water table contour maps 
(Fig. 29a & b) show that besides the earlier three mounds and six troughs 
which developed during 1994, but during the 1995, the number of mounds 
increased to five while the number of troughs decreased to four. This increase 
in the number of mounds and concomitant decrease in number of troughs Is 
7» 15 7 8*20' 7»*75' »»*J0' 7»-)S 
78'10 78°15 78°20 7 8°25' 7 8°30' 
Fig.28a: Water Table Contour Map (Pre-monsoon,June 1994) 
78 IS 7e*J0' 7 8*2 5' 
71 10 7»*?0' 7B°J5' 7 8*10' 
Fig.28b: Water Table Contour Map (Pre-maonsoon,June 1995) 
78*15 7 B*70 78*25' 7 8* 3i 
7B°10' 7 8*15' 7 6*30' 7 8*25' 78*30' 
Fig.29a: Water Table contour Map (Post-monsoon,Novl994) 
78 IS 7 trio It li r» JO 
7«'10' 7 a* 15' 7 8* JO' 7 8*2S' 7 8*30' 
Pig.29b: Water Table Contour Map (Post-monsoon,Nov,1995) 
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naturally caused due to heavy rainfall during 1995. Further, during the post 
monsoon of 1994 there appeared a trough on the left bank tract too, which is 
observed to persist inspite of the high rainfall, even during 1995 post-monsoon. 
This may possibly be attributed to the heavy withdrawal of groundwater through 
the very closely spaced shallow farmers tubewells at the southeastern end of 
the area. 
The hydraulic gradient on the right bank tract ranges between 0.13 to 4 
m/km, whereas, on the left bank tract it ranges between 0.14 to 4m/km. 
The low value of hydraulic gradient on the two banks show gentle gradient 
and high hydraulic conductivity horizons. Moreover, the comparatively steep 
hydraulic gradient (4m/km) as observed in the Kali-Nim and Tikta-Mahawa 
interfluves on the right and the left bank tracts, respectively, is principally caused 
due to the predominance of the low permeability horizons. 
PIEZOMETRIC LEVEL MAP 
A piezometric level map (Fig. 30) has been prepared utilising the 
piezometric heads of the deep state tubewells. The map shows that, the pattern 
of pieozometric level contours is almost similar to that of the water table contour 
maps (Fig. 25a and b. Fig. 26a and b), which reveals that the top aquifers are 
interconnected with the immediately underlying semi-confined aquifers. 
HYDROGRAPH 
A hydrograph represents a long term changes in the trends of water 
level and there are six permanent hydrograph stations unsformly spread over 
the entire area. Their pre and post-monsoon water levels were regularly 
monitored during the period extending from 1986 to 1995 (Appendix-Ill).These 
data collected from the Uttar Pradesh, State Groundwater Department were 
7«*.5' 7« 20 
7»°I0' 7 tr\s 7 8° 20' 7»<'2S' 7«°J0' 
f i g . 3 0 : Piezometic Level Map (June-1994). 
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utilised to prepare six hydrographs to study the long term behaviour of the 
water level with respect to time and space. 
In general, these hydrographs show that the water level varies in a cyclic 
and sinusoidal form in space and time. The water levels were recorded deepest 
during the month of June and shallowest during the month of November. From 
November onwards their is sharp decline in water level till January and from 
January onward the recession in water level is slow indicating that, the 
groundwater is in harmony with the rainfall. 
The hydrographs (Fig. 31a, b, c, d, e & f) show the following observations: 
Hydrograph 
Observation 
station 
Left Bank: 
Sambhal 
Gangaswari 
Gunnaur 
Right Bank: 
Anupshahr 
Chattari 
Dibai 
Water level 
in m.b.g.l. in 
June 1986 
9.00 
2.26 
3.70 
10.86 
4.40 
9.00 
Water level in 
m.b.g.l. 
in June 1995 
12.00 
2.80 
3.80 
8.20 
5.10 
12.10 
Rise/Fall 
in water level 
over a decade 
in m. 
3.00 
0.54 
0.10 
2.66 
0.70 
3.10 
Inference 
rate of 
Fall/Rise 
Per year in m. 
Fall in water 
level @*0.30m 
per year. 
Fall in water 
level @ 0.054m/yr. 
Fall water level @ 
.01m/yr. 
Rise in water level 
@ 0.266m/yr. 
Fall in water level 
@ 0.07m/yr. 
Fall in water level 
@ 0.31 m/yr. 
@* at the rate ot. 
- The above table shows a fall In water level on the left bank tract over a 
decade (1986-1995). There is a distinct 0.30m per year fall in the water level 
totaling to 3.0m over the decade at Sambhal. At Gangeswari, a falling trend is 
observed and the rate of fall is recorded as 0.54m per year. Gunnaur shows 
0.01m per year fall in water level. 
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On the right bank tract, the hydrographs show a mixed trend. A falling 
trend in water levels are observed at, Chattari and Dibai and a rising trend at 
Anupshahr. The per year falling trend is minimum at Chattari i.e. 0.07m per 
year to a maximum of 0.31 m per year at Dibai. However, a 0.266m per year rise 
in ternd in the water level was recorded at Anupshahr. 
A perusal of the hydrographs of Sambhal, Gangeswari and Gunnaur 
located on the left bank tract show a falling trend in water level which ranges 
from 0.10m at Gunnaur to a maximum of 3.00m at Sambhal over the decade. 
However, the only hydrograph observation station on the right bank 
tract, at Anupshahr shows a rising trend of water level and records 2.66m rise 
over the decade. The other hydrographs at Chattari and Dibai record a falling 
trend which range from 0.70m to 3.10m at Chattari and Dibai respectively, during 
1986 to 1995. 
CORRELATION WITH RAINFALL 
The correlation of the groundwater level with the rainfall during 1986 to 
1995 were made. The rainfall histograms of two rain gauge stations at Sambhal 
and Anupshahr were used to study the relationship between water level changes 
• vis-a-vis precipitation. 
A perusal of the hydrographs and the rainfall histograms (Fig 32a & b) 
indicate that, there exists a positive correlation between the two. Also, the 
response of water level to rainfall and drought is quick, i.e. changes in water 
level is due to the changes in the intensity and distribution of the rainfall. 
ISO - PERMEABILITY MAP 
Permeability is one of the most important hydrogeological parameters 
of an aquifer. It is the measure of the capacity of a porous medium to transmit 
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water. Accordingly, are iso-permeability map (Fig. 33) has been prepared in 
order to show the permeability patterns and their variation in the study area. 
Logan (1964) assumed that, if a well is pumped for such a long period 
that the flow is in steady mode, then an approximate estimation of the order of 
magnitude of transmissivity can be determined using his formula for a confined 
aquifer which can be written as follows: 
T = 2.3 Q Log (rmax /rw) / 2 TC S 
where, 
r* : radius of pumped well in metres 
rmax : radius of influence in metres 
Smw : maximum drawdown in the pumped well In metres 
Q : discharge in m^/day 
Logan, further suggested that the accuracy of the calculation depends 
only on the accuracy of the measurement of S^^ (on which well losses may 
have substantial influence) and on the accuracy of the ratio rmax/rw. Generally 
it is observed that ratio rmWrw cannot be determined accurately, so Logan opined 
that the variation in rmax and rw may be substantial, the variation in the logarithm 
of their ratio is much smaller. Thus, assuming average conditions of ratio a 
value of 3.33 for log ratio was suggested by Logan which may be taken as rough 
approximation. 
By substituting the value of the ratio (3.33) in Theims equation we get 
Logan's formula as under, 
T = 1.22 Q / Smw 
Where, Smw is the maximum drawdown in the pumped well. An iso-
permeability map was prepared utilising the transmissivity value and the 
thickness of the tapped aquifer. 
••:j<20 jzO-JSrHJ 2 5-3 
T»*30 ' 
7S )0 7a IS 7»*?0' ?»*JS' 7« 30 
F i g . 33: Iso-Permeabil i ty Map of the Area. 
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T= KXb 
where, 
T = Transmissivity mVday. 
K = Permeability in m/day. 
b = Tapped aquifer thickness. 
The entire area is divided into seven permeability zones which are as 
follows: (1) <20 (2) 20-25 (3) 25-30 (4) 30-35 (5) 35-40 (6) 40-45 (7) >45 m/day. 
A perusal of the iso-permeability map (Fig. 33), shows that on the left 
bank tract the minimum permeability values is observed in the northeast corner 
of the area around the Sambhal town which extends due southwest upto 
Maubhur village. Thereafter, the permeability value gradually increases from 
25-30, 30-35, 35-40, 40-45 and finally higher than 45m/day as was recorded 
close to the left bank of the Ganga river. On the right bank tract, the lowest 
permeability zone {<20) is located at the western end of the study area between 
the Kali and Nim interfluves. However, the permeability values increases due 
east and southeast. The low permeability horizons predominates in the Ganga-
Kali interfluves than on the left bank. This is possibly due to the fact that, the 
right bank tract consists of an Older Alluvium, while a large part of the left bank 
tract except Sambhal upland, has been deposited during past 500 years through 
the rapid shift of the Ganga river since 1526 A.D. Hence, the granular zone 
predominates the poor permeability horizons on the left bank tract between the 
Tikta and the Ganga interfluves. 
Briefly, it can be said that, on the right bank the lowest values (<20) is 
observed around Hazratpur and the highest value around Jargawon in the 
south-eastern part of the area very close to the Ganga bank. Thus, permeability 
values gradually increases from northwest to southeast direction. 
143 
The study area shows that, by and large the permeability map tallies 
well with the sand percentage map of the area. 
The inhomogeneity observed between sand percentage map and iso-
permeability map my be attributed to the subtle variation in the grain size, sorting 
and packing parameters, representing microscopic inhomogeneity that control 
porosity and permeability and thus, fluid flow characteristics. 
ISO -TRANSMISSIVITY MAP 
The iso-transmissivity map of the area was prepared (Fig. 34) on the 
basis of the Logan's formula through the discharge and drawdown data of the 
deep tubewells distributed all over the study area. 
A perusal of iso-transmissivity map shows that, the transmissivity values 
range between 583.93m2/day at Akbarpur on the right bank tract to 
3412m7day at Faridpur on the left bank tract. 
In general the trasm^ssivity values are much more higher on the left 
bank tract, than on the right bank area. The transmissivity values increases 
towards the river Ganga barring the few exception in between. 
SPECIFIC CAPACITY INDEX MAP 
The specific capacity is the measure of the well productivity as well as 
serves as a parameter of yielding and transmissive capacity of an aquifer 
(Karanth, 1987). 
However, the yielding capacity is denoted by the yield factor (or specific 
capacity Index) and is expressed as specific capacity of a well for a unit thickness 
of aquifer tapped. 
Discharge 
Specific capacity = 
Drawdown 
» « * ' 0 ' 7%'IS' T < 2 0 ' 7»»1S' 7»*J0' 
Fig . 34: Iso-Transmiss iv i ty Map of the. Area. 
7»*15' 7a'20' ifli' It'JO' 7«*J5' 
•»«*io' ;« IS 7 ••20' 7»*2S' 7»'J0 
Fig. 35: Specific Capacity index Map of the 
Area. 
Yield Factor= 
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Specific Capacity 
Thickness of the aquifer 
Accordingly, the specific capacity index map was prepared (Fig. 35). 
A perusal of the (specific capacity index) map, indicates that, the area 
has been divided into six zones. Viz. (1) <20 (2) 20-25 (3) 25-30 (4) 30-35 (5) 
35-40 (6) >40m/day 
On the left bank tract the yield factor values are recorded less than 20 
m/day in the northeastern upland part which gradually increases to 25-30 
m/day near the upland-lowland fringe zone i.e. near Bagad river left bank and 
thereafter it increases from 35 to 40m/day and finally to more than 40m/day 
adjacent to the left bank of the Ganga river. On the right bank tract it varies 
from less than 20m/day to 20-25 m/day to maximum of 25-30 m/day in the Kali-
Nim interfluves and thereafter the yield factor values increases from 30-35 
m/day to 35-40 m/day and again decreases to 30-35 m/day close to the right 
bank of the Ganga river. These variations in the yield factor values are controoled 
by the rapid subsurface lithoglcal changes. 
However, the average specific capacity index value for the entire area is 
estimated to be 38m/day 
PUMPING TEST AND DATA ANALYSIS 
The pumping test is conducted to determine the performance 
characteristics of a well and the hydraulic parameters of the aquifer. However, 
the principal factor of aquifer performance test is the determination of the aquifer 
parameters like transmissivity and storage coefficient which is calculated to 
give a better understanding of groundwater hydraulics. The results obtained 
from properly conducted tests are the most important tools in groundwater 
investigation and resource evaluation. 
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Moreover, these data are required for proper well spacing and scientific 
development of this valuable resource. 
Pumping tests have proved to be the most suitable measure of achieving 
and finding reliable and representative values of the hydraulic characteristics 
of aquifers and layer of low permeability. 
Method of Analysis 
A selection has been made for formula which are commonly applied to 
actual field conditions. The methods of analysis are described below; 
Confined Aquifer 
For a confined aquifer, Thais (1935) introduced the first non-steady state 
solution using the analogy between heat flow and groundwater flow and the 
related parameters of time and aquifer storage. The equation is an appropriate 
one which is as follows. 
ho - h = (Q /4jtT) J ( e " ) / ( u ) du = (Q/4KT) W(U) (1) 
u 
or T = (Q /47c(ho-h)) W(u) ——(2) 
Where, 
U = r 2 S / 4 T t 
or 
S = (4Tt U) / r^  (3) 
Where, 
ho -h: drawdown at any point in vicinity of a well discharging at a 
constant rate. 
Q : discharge of well. 
T: Transmissivity. 
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r : Distance of an observation well from the pumped well In 
meters. 
S : Storage coefficient (dimension less fraction), 
t : ttie time since pumping started in days. 
W(u): Well function of u. 
In using Theis's method the following assumption should be satisfied: 
1. The aquifer is homogenous, isotropic and of uniform thickness and 
infinite areal extent. 
2. The well pumped at constant discharge rate. 
3. Before pumping the peizometric surface is horizontal. 
4. The pumped well penetrates fully the entire thickness of the aquifer. 
5. The well diameter is infinitesimal so that the storage within the well can 
be neglected. 
6. Water taken from storage is discharged instantaneously with the decline 
in head. 
Theis derived a graphical method for obtaining a solution, utilising a 
type curve i.e. plot of {W (u) Vs 1/u} on logarithm paper, measurements derived 
from pumping tests are plotted on logarithm paper too . Matching field data 
curves with Theis type curves {W(u) Vs 1/u}, and choosing match point and 
substituting their coordinate values in the equations mentioned are used. 
Jacob Method 
Copper and Jacob (1946) simplified this equation (1) which dispenses 
with the need for type curves by utilising a semi- logarithmic plot for these field 
data where 1' is large and V is small and 'u' is also small (less then 0.02) 
usually give a straight line relationship between (h^ - h) and logarithm of T. In 
which equation (1) ho - h = Q W (u) becomes, as, 
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h„ - h = 2.30 Q / (47cT) log 2.25 T t„ /r^ S (4) 
As the relation between the drawdown and time become straight line 
equation (4) can be simplified further as 
S = (2.25Tg/r2 (5) 
and T = (2.30 Q)/4JIAS (6) 
where, 
to : intercept of the straight line at zero drawdown in days. 
AS : Difference of drawdown over one log cycle. 
By plotting time versus drawdown on a semi-logarithmic paper (time on 
log scale) a straight line is fitted by discretion. The slope of the straight line and 
Its Intercept on time axis, where the drawdown is zero are substituted on equation 
(5) and (6) for determination of T and S values is used. 
Aquifer Performance Test 
The aquifer performance tests were conducted at Danpurand Rajpura 
in Bulandshahr and Baduan districts respectively (Appendix, VIA & B). 
The data of these pump tests were analysed and various aquifer 
parameters were determined which are tabulated below. 
Summary of Observations 
1. Name of the site Danpur (located on the 
right bank tract) 
2. District Bulandshahr 
3. Discharge maintained 
during the test • 328m3/day 
4. Duration of pumping 1220 minutes 
5. Distance between pumped well and observation wells: 
(i) observation well I 20 meters 
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(ii) observation well II 40 meters 
6. Static water level below the measuring point: 
(i) observation well I 7.68 meters 
(ii) observation well II 7.34 meters 
Analysis of the Data 
The time-drawdown field data curves of observation wells were prepared 
forTheis's methods Fig. (36a & b) and for Jacob's method Fig. (36c & d).The 
time-drawdown field data curves resemble the typical time-drawdown curve of 
a confine aquifer. However, the calculated data is tabulated below, 
Table-14. 
Observation well 
1 
II 
Method 
Theis 
Jacob 
Theis 
Jacob 
T mVday 
544.05 
522.29 
522.29 
523.88 
§ 
2.46X10-^ 
3.67X10^ 
1.13X10-3 
1.36X10=^ 
As the field data curve of observation wells match well with Theis type 
curve, the hydraulic parameters of the aquifer determined by Theis method 
have been taken alone as a best approximated parameters. 
(a) Transmissivity 522.29m^/day 
(b) Storativity 1.13x10-^  
(c) Hydraulic conductivity 37.31 m/day 
Aquifer Performance Test at Rajpura 
1. Name of the site Rajpura (located on the left 
bank tract) 
2. District Budaun 
3. Discharge maintained 740m^/day 
1 r Site- Donpur ^ 1 IV— U U I i p U l 
Observotion Well-1 
Dischorge- (Q) '326 m^/doj 
Result 
1 = 5 6 4 . 0 5 m 2 / d o y 
5 = 2.46X10"^ 
0.01 _L 
THE'.S S METHOD 
IQl 102 
TIME ( Min.) 
103 
Fig. 36a: Time Vs Drawdown Curve. 
1 r Site- Danpur Observation Well II 
Discharge- (Q)= 328 m^/dcy 
10 
L . 
Of 
• * 
Ot 
Z 
z 
? O0.1 o 
< 
Q: 
o 
Result 
T = 5 2 2 . 2 9 m 2 / d o y 
S= 1.13X13-3 
0.01 
THEIS'S METHOD 
ioi 10' 10 3 
TIME ( M i n ) 
F i g . 36b: Time Vs Drawdown Curve. 
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A comparative study of the aquifer parameters on the two banks of the 
river Ganga are as follows: 
Table-16. 
r>At)AMeT£iF^§ 
Transmissivity 
Storage Coefficient 
Hydraulic conductivity 
RIGHT BANK 
AQUIFER 
522.29m7day 
1.13X103 
37.31 m/day 
L£nr 6ANK 
AQUIFER 
3532.78m7day 
1.5X10 3 
112.87m/day 
Acomparsion of the aquifer parameters of the two bank tracts shows 
that, the values of transmissivety and Hydraulic conductivity on the left bank 
tract are much higher than that of the right bank tract, but the values of storage 
coefficient are almost the same. 
However, the aquifer functions as a confined aquifer during short term 
pumping, while leakage from the upper aquifer is observed during long term 
pumping. 
CHAPTER-VII 
GROUNDWATER RESOURCE 
EVALUATION 
An answer to toda/s high profile groundwater demand problem, is the 
groundwater resource management, but before any groundwater resource can 
be managed it must be quantitatively evaluated. The precise evaluation requires 
a large scale exploratory drlHing down to bed rock, delineation of major aquifers, 
their interrelationships, their hydrological parameters like transmissivity, storage 
coefficient, specific yield etc., which is pretty costly affair. 
Therefore, quantification of groundwater resources of a basin involves 
the application of principle of mass conservation, to account forthe quantitative 
changes occurring in various components of hydrologic cycle as applied to a 
basin. 
The quantitative changes may be expressed as a water balance 
equation, in which the inflow and outflow and consequent changes in storage 
for a specific period of time are represented by individual component. The 
general groundwater balance equation may be expressed in the form as follows 
(Walton, 1970). 
I - O = + AS 
I = Inflow. 
O = Outflow. 
± AS = Change in Storage. 
Groundwater is a dynamic replenishable resource but not an 
inexhaustible natural resource.Human interference has created large scale 
imbalance in the hydrological situation. Hence it becomes necessary to 
determine the various recharge and discharge components of the groundwater 
and their impact on its variation with time. 
In the Central Ganga basin, all the canal command areas have acute 
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water logging situations while the rest of the area is facing a declining trend of 
water table. Under these circunnstances, the evaluation of the groundwater 
resources of a basin or part of it becomes immediate necessity. I^ oreover, in 
order to regulate the safe withdrawal from the basin the evaluation of the 
groundwater resource potential becomes inevitable. 
GROUNDWATER RECHARGE 
Groundwater recharge represents an important parameter in 
groundwater resource evaluation. It involves hydrometeriological and 
hydrological processes taking place on the surface as well as sub-surface due 
to the varied lithological characteristics and their quantum of recharge. 
The major sources of groundwater recharge in the study area are as 
follows: 
1. Recharge through rainfall 
2. Irrigation return flow 
3. Seepage from the canals (in parts of the right bank tract only). 
The two important methods of groundwater recharge estimation are as 
follows: 
1. Area of aquifer X Water level fluctuation X Specific yield method. 
2. Rainfall - Recharge method - Adhoc norms. 
Relevant to the prevailing irrigation patterns in the area of investigation, 
the high seepage losses to the top aquifers will be very significant, hence, the 
area of aquifer x seasonal fluctuation x specific yield method is used to determine 
the groundwater recharge. Moreover, the Groundwater Estimation Committee 
Ministry of water resource. Government of India (Baweja and Karanth, 1980), 
has suggested the use of water level fluctuation method for the evaluation of 
groundwater recharge as the fluctuation represents the natural hydrogeological 
system response. 
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The study area consists of two portions: the right bank tract and the left 
bank tract of which the former is canal irrigated while the later has no canal 
network. That is why sector will be dealt separately, as under. 
RIGHT BANK TRACT - ANUPSHAHR - SUB-DIVISION 
Ground Water recharge by specific yield method: 
Involve area of aquifer = 1287.2 sq km. 
Specific yield = 15.5% 
Average fluctuation 
(in five years 1991-1995) = 1.12 m. 
Normal monsoon rainfall = 616.6 mm. 
Average monsoon rainfall 
(in five years 1991 -1995) = 688.3 mm. 
Recharge through Irrigation Return Flow 
To evaluate the irrigation return flow to the groundwater bodies, the 
irrigated area and the volume of water applied for irrigation were taken into 
consideration for working out the total volume of water applied of which 30 % is 
assumed to return to the ground water bodies i.e. aquifers (Govt, of U.P., 1988). 
The total volume of water applied for irrigation = 
= 131.33 M.C.M. (million cubic metre) 
Return flow = 131.33 X 30/100 = 39.40 M.C.M. 
Recharge through Canal Seepage 
The seepage losses from the canal have been estimated by the formula 
given by Satish Chandra (1983): 
W = 0.005 C (B + D)°" 
W = Recharge from the canal mWkm length of unlined canal. 
.66 
B = bed width in m. 
D = Water depth in m. 
C = a constant being 1.0 for intermittently running and 0.75 for 
constant running canal. 
a) Recharge through the Upper Ganga Canal (Anupshahr Branch, Piate-55) 
W = 0.005 C (B + D)°«^ 
C = 0.75 , B = 46m, D = 1.73m 
W = 0.005 X 0.75 (46 + 1.73)°^^ = 0.05 m /^s/Km 
where, 
the length of the canal in the study area = 60km. 
Total recharge along the canal = length X water recharge 
= 60 X 0.05 = 3.0m3/s 
- Monsoon seepage = Total recharge XSecondX Minutes X Hours X Days 
while, total running days are = 107 days. 
3X60X60X24X107 
- Then, Monsoon seepage= = 27.73 M.C.M. 
10^  
- Non-monsoon seepage 
running days = 144 days 
3X60X60X24X144 
-Then, Non-monsoonseepage= = 37.32 M.C.M. 
10^  
b) Seepage From the Lower Ganga Canal (Piates-56a & b) 
Total length of the canal in the study area = 8.0km 
While, B = 73.17m, D = 3.5m, C = 0.75 
Then, 
W = 0.005 X 0.75 (73.17-1-3.5)° «^  = 0.07m3/s/km. 
Total recharge through the canal 
Plate - 55 : Upper Ganga Canal near Rajghat 
Plate - 56 a : Lower Ganga Canal near Narora, 
Plate - 56 b : Lower Ganga Canal near Rajghat 
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= Length of the canal X Recharge factor = 8.0X0.07= O.SSm /^s 
- Monsoon Recharge 
Total running days = 182 days 
0.56X60X60X24X182 
Then, monsoon recharge = =8.81 M.C.M. 
10* 
- Non-Monsoon Recharge 
Total running days = 182 days 
0.56X60X60X24X182 
Then, non-monsoon recharge = =8.81 M.C.M. 
10^ 
C) Recharge through Distributaries (Plates-57a & b) 
B = 7.2 m, D = 0.92 m, C = 1 
Then, W = 0.005X1 X(7.2 + 0.92)°^^ = 0.02m3/s/km 
now, Total Length of distributaries = 68.85 km 
Total recharge = 0.02 X 68.85 = 1.38m3/s 
- Monsoon Recharge 
Total running days = 29 days. 
1.38X60X60X24X29 
Then, monsoon recharge = = 3.46 M.C.M. 
10^  
While, 
- Non-Monsoon Recharge 
Total running days = 31 days. 
1.38X60X60X24X31 
Then, non-monsoon recharge = = 3.7 M.C.M 
10^ 
However, 
Plate - 5> a : Distributary near Malakpur. 
Plate - 5 7 b : Minor Distributary near Aukand. 
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Total Monsoon Recharge through Canal = 
a+b+c = 27.73+8.81+3.46 = 40.00 M.C.M. 
And the Total Non-Mosoon Recharge = 
a+b+c = 37.32+8.81+3.7 = 49.83 M.C.M. 
Monsoon Recharge = (Involve area of aquifer X Sp.Yleld X average 
Fluctuation) + Gross kharif* draft-(Monsoon canal 
seepage + Monsoon seepage from surface water + 
Monsoon recharge from groundwater irrigation) 
„ Normal Monsoon Rainfall X — ^ . , :.-+ (Monsoon recharge Average Monsoon Rainfall 
from surface water + Monsoon recharge from canal) 
Monsoon Recharge = 
= (12872X0.155X12)+45.14-(40.0+O+39.4) X - | l | 4 +(0^40) =173.43M.C.M. 
688.3 
Non-Monsoon Recharge from rainfall = 
= (Involve area of aquifer X Non-monsoon rainfall X Infiltration factor) /1000 
Involve area of aquifer = 1287.2sq.km. 
non-monsoon rainfall = 46.7mm. 
infiltration factor = 25% 
1287.2X0.25X46.7 
Non-monsoon recharge = = 15.03 M.C.M. 
1000 
Total Non-Monsoon Recharge = 
= Non-Monsoon Seepage from Canal+Non-Monsoon Recharge from Rainfall 
= 49.83+15.03 = 64.86 M.C.M. 
Gross Recharge = Monsoon Recharge + Non-Monsoon Recharge 
= 173.43+64.86 = 238.29 M.C.M. 
85 
Net Recharge = (85% Gross recharge) = 238.29 X =202.55 M.C.M. 
100 
*Kharif = Monsoon period 
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Groundwater Draft 
Groundwater being tapped through, deep tubewells (state tubewells), 
Private tubewells (shallow tubewells) and pumping sets etc. In this part of the 
study area, there are 129 deep tubewells, 3563 private tubewells and 2309 
pumping sets. With the help of the unit draft we have evaluated the draft as 
follows : 
1) Draft from Deep Tubewells 
No. of deep tubewells = 129 
Unit draft = 0.192 M.C.M. 
Draft = No. of tubewells X unit draft 
= 129X0.192 =24.8M.C.I^. 
2) Private Tubewells (Plates-58 & 59) 
No. of tubewells = 3563 
Unit draft = 0.0262 M.C.M. 
Draft = 3563 X 0.0262 = 93.3 M.C.M. 
3) Draft From Pumping Sets 
No of pumping sets = 2309 
Unit draft =0.014 
Draft = 2309 X 0.014 = 32.33 M.C.M. 
Total or Gross Draft = 1 + 2 + 3 
= 24.8+93.3+32.33 = 150.43 M.C.M. 
Gross Kharif Draft = 30% of Gross draft 
150.48X30 
= = 45.14 M.C.M. 
100 
Plate - 58 Running tubewell on the right 
bank of the kali river. 
Plate - 59 : Running tubewell on the right 
bank at Dabaka village. 
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Net Groundwater Draft = 70% of Gross draft 
150.48X70 
= 105.34 M.C.M. 
100 
Net Groundwater Recharge = 202.55 M.C.M. 
- Utiiisable Groundwater Resource Potential = Net recharge - Net draft 
= 202.55 - 105.34 = 97.21 M.C.M. 
LEFT BANK TRACT 
The left bank tract comprising parts of Moradabad and Budaun districts 
is chracterised by the absence of canals. The groundwater resource have been 
evaluated by using the involved area of aquifer X specific yield X fluctuation 
method as per the Groundwater Estimation Committee (1984) recommendation. 
Groundwater Recharge by Specific Methods 
Involve area of aquifer = 1197.3 sq.Km. 
Specific yield = 15% 
Average fluctuation 
(for five years 1991 -1995 ) =1.24m. 
Normal monsoon = 651.88mm. 
Average monsoon rainfall 
(for five years 1991-1995)= 717mm. 
Non-monsoon rainfall = 71.3mm. 
Recharge through Irrigation Return Flow 
30% of total groundwater applied for irrigation have taken as irrigation 
return flow (Govt, of U.P., 1988). 
The total groundwater applied for irrigation is 
= 128.66 M.C.M. 
Recharge return flow =128.66X30/100 =38.60 M.C.M. 
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- Non-Monsoon Recharge 
Involve area of aquifer = 1197.3 sq. Km. 
Infiltration factor = 25% 
Non-monsoon rainfall = 71.3 mm 
„ ^ 1197.3x71.3x0.25 o. .o^»,o». 
So, Non-Monsoon Recharge = TT^ = 21 -34 M.C.M 
Monsoon Recharge 
As per tfie previous formula of the Groundwater Estimation Committee 
(1984), monsoon recharge has been evaluated as fallow; 
651.88 
= (1197.3 X 0.15 X 1.24)+62.91-(0+0+ 38.6) x -i-(0+0) = 
= 250.51 M.C.M. 
Gross Recharge = Monsoon Recharge + Non-Monsoon Recharge 
= 250.51+21.34 =271.85 M.C.M. 
Net Groundwater Recharge = (85 % Gross recharge ) 
= 271.84x85/100 =231.07 M.C.M. 
Groundwater Draft 
The groundwater being tapped through 138 deep state tubewells, 420 
shallow private tubewells and 5727 pumping sets. With the help of the unit draft 
we have determine the draft as fallow; 
1) Draft from Deep State Tubewells 
No of tubewells = 138 
Unit draft = 0.633 M.C.M. 
Total draft = 138 X 0.633 = 87.35 M.C.M. 
2) Draft from Shallow Private Tubewells (Piates-80 & 61) 
No of tubewells = 420 
Plate - 60 : Running tubewell near Gangaswari 
on the left bank. 
Plate - 61 : Running tubewell near Dubari Kalan 
on the left bank. 
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Unit draft 
Draft 
0.0895 M.C.M. 
420X0.0895 = 37.59 M.C.M. 
3) Draft from Pumping Sets 
No of pumping sets 
Unit Draft 
Draft 
Total or Gross Draft 
- Gross Kharif Draft 
(30% Gross Draft) 
= 5727 
= 0.0148 M.C.M. 
= 5727X0.0148 = 84.76 M.C.M. 
= 1 + 2 + 3 
= 87.35+37.59+84.76 = 209.7 M.C.M 
= 209.7X30/100=62.91 M.C.M. 
- Net Draft (70% Gross draft) = 209.7 x 70/100= 146.79 M.C.M. 
While, 
the Net Recharge = 231.07 M.C.M. 
Then, 
Utilisable Groundwater Resource Potential = 
= Net recharge - Net draft 
= 231.06-146.79 = 84.27 M.C.M. 
Status/Stage of Groundwater Development 
As per the NABARD's norms an area where the stage of groundwater 
development is less than 65% is considered "White" or safe, where 65-85% it is 
called 'grey"or critical and where the development of groundwater has exceeded 
85% it is called "dark" or very critical. 
Net Yearly draft 
Stage of groundwater development = XI00 = 
Net recoveratjle recharge 
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Right Bank Tract 
105 34 Stage of groundwater development = _ ^ ^ X 100 =52.01 % 
The right bank tract shows that it falls under the "white" category as the 
status of groundwater development as per NABARD'S norms is 52.01 %. 
Left Bank Tract 
As per the NABARD's norms the stages of the groundv\«ter development 
on the left bank tract = 
146.79 
231.06 X 100= 63 .53% 
So, as per the NABARD's norms the stage of groundwater development 
on the left bank tract falls under "White" category which has the status of 63.53%. 
However, the stage of groundwater development is almost close to the begning 
of the critical stage i.e. 66%. 
The summary of the Evaluated Groundwater Resources is tabulated 
below: 
Study Gross NetGround Gross Net" Utilizible Stage of 
area in Reacha -water Rechar Draft in Ground Ground Ground-
Sq. Km. -rge in -ge In M.C.M. M.C.M. -water -water water 
M.C.M. Draft In Resource Development 
M.C.M. Potential in %. 
in M.C.M. 
Right Bank 
1287.20 238.29 
Left Bank 
1197.30 271.85 
Total Area 
2484.5 510.14 
202.55 
231.07 
433.63 
150.48 
209.70 
360.18 
105.34 
146.79 
252.13 
97.21 
84.28 
181.49 
52.01 
63.53 
57.77 
An analysis of groundwater resources show that: 
The seepage through the unlined canal beds has created an 
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environment of water logging and soil salinization in the canal command areas, 
which immediately deserves remedial measures through lining of the canals in 
order to checl< the seepage and its effects. 
Contrary to the above, the absence of canals on the left bank tract has 
led to the continuous depletion of the water level, as the withdrawal of 
groundwater has slightly exceeded the quantum of the average annual recharge 
through rainfall. It is recommended that the provision of canal network should 
be introduced to contain the declining trend of the water level. Alternatively, 
rain water be collected in percolating tanks to recharge the top aquifers. 
Moreover, flood water be used to recharge the aquifers through the recharge 
wells, evenly spread over the area affected. 
In view of 181.49 M.C.M. of the utilisable groundwater resource potential, 
the future development of groundwater in the area should tape the deeper 
aquifers for the purpose of irrigation and other relevant human needs. 
CHAPTER-VIII 
HYDROCHEMISTRY 
INTRODUCTION 
"All people, whatever their stage of development and their social and 
economic conditions, have the right to have access to drinking water in quantities 
and of a quality equal to their basic needs" (U.N. Report, 1977). 
Thus, the quality of water Is just as important as its quantity. Fresh 
water is a unitary resource, requires holistic management as well as recognition 
of the interconnectedness elements affecting its quality. Therefore, the 
availability of good, clean water is a public health issue. Regrettably, water 
borne disease transmission remains a serious concern even in the most 
developed countries. An estimate of 80 percent of all diseases and over one 
third of deaths in developing countries are caused by the consumption of 
contaminated water (Earth Summit, 1992). 
Therefore, water quality is important not only because of its linkage 
to the availability of water for various uses and its impact on public health, 
but also, because water quality has intrinsic value. The quality of life is often 
judged on the availability of pristine water. 
Groundwater has been an important source of water supply since the 
ancient civilisation. But due to its percolation down through various rocks and 
sediments its quality changes due to the rock water interaction and it becomes 
impure containing usually dissolved minerals ions (Fletcher, 1986) and dissolved 
gases such as, carbondioxide, sulphurdioxide, nitrogen and oxygen, which are 
i 
present in the air and are trapped as precipitation occurs. As a result, the pH 
value of most precipitation is below 7(acidic in nature), and the water becomes 
corrosive. Further, upon reaching the earth's surface the water may pickup 
organic acids from humus and similar materials which increase it's corrosive 
characteristics. 
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As groundwater moves through a regional flow system, It's physical and 
chemical characteristics are modified by the environment encountered. It 
dissolves soluble ions and thereby changes its chemical compositions. Thus, 
the chemistry of groundwater can sometimes be used to decipher its complex 
flow history. As groundwater moves along its flow paths in the saturated zones, 
it increases the total dissolved solids due to the presence of carbondioxide by 
which the most important acid H^ COg is produced in the soil zone, (Freeze and 
cherry, 1979), in which we find that the shallow aquifers are characterised by 
high percentage of bicarbonates, while the intermediate aquifers have more 
sulphate concentration and the deeper aquifers are characterised by high 
occurrence of chloride and total dissolved solids (Dominico, 1972). That is, the 
quality of groundwater radically changes when it moves vertically downwards. 
However, these changes can be determined only through its chemical analysis. 
The major constituents occur mainly in ionic form and are commonly 
referred as Na", K*, Ca*^ Mg*^ CI", HCO3" and 063'^ which comprise more 
than 90% of the total dissolved solids in the water (Freeze and Cherry, 1979). 
A typical analysis of water samples has been carried out to evaluate the 
groundwater quality as well as the inter-relationship between surface water 
and groundwater quality. 
However, the presence and concentration of these ions is controlled by 
the availability of the element in the soil and the rock formation through which 
the water has to pass. 
In orderto ascertain the water quality, 145 water samples were collected 
during June-1994 from different groundwater structures and surface water 
bodies, spread evenly over the entire area. Also, random samples were collected 
during June-1995 to check any further change in the water quality in the area. 
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The water samples were put to partial chemical analysis in the 
laboratories of RSACREG, Department of Geology and Department of Applied 
Chemistry of the Aligarti Muslim University 
SAMPLING TECHNIQUES 
Sampling techniques can affect the accuracy of the chemical analysis 
(Fletcher, 1986). Therefore, samples were collected in well cleaned one litre 
capacity, double stoppered polythene bottles and for trace element studies the 
water samples were instantly treated with 10ml. 6N HNO3. Thereafter, the 
samples were capped and sealed with wax instantly in the field. In order to 
asses surface water quality and its relation with groundwater, water samples 
from rivers and canals were also collected by the same procedures. 
ANALYTICAL PROCEDURE 
The samples were analysed (Appendix - VIIA, B, C, D, E, F, G & H) as 
per the standard methods (Jackson, 1958, APHA, 1975, and Trivedy and Goel, 
1984). 
The following table shows some physical properties, major ions and 
trace elements and their analytical methods: 
Constituents Methodology / Laboratory 
PHYSICAL PROPERTIES 
pH & E.G. Electric kid and 
MAJOR IONS 
CO "', HCO3', 
Ca , Mg*', c r , 
Na\ K^  
SO,'', TDS 
F-, NO3-
TRACE ELEMENTS 
Fe, Mn 
Cd, Pb, 2n 
Cu 
pH meter 
Volumetric 
(Titration) 
- Flame Photometer 
- Gravemetric 
- Spectrophotometer 
" Atomic absorption 
spectrophotometer 
• voltameter 2000 
Remote Sensing 
Applications Centre 
Remote Sensing 
Application Centre 
Geology Department 
Applied Chemistry 
Department 
Geology Department 
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PHYSICAL PROPERTIES 
1. Hydrogen Ion Concentration (pH) 
The concentration of hydrogen ions is a critical water quality determinant. 
The concentration of [H*] is central speciation of many other geochemicals, 
influence dissolution and precipitation and determines whether the water will 
support aquatic life (McCutucheon, et al., 1993).The measurement is given by 
negative logarithm of hydrogen ions activity in moles per litre at 25°C. 
Knowing the pH values in put)lic water supplies is very important because 
such water may be corrosive and may adversely affect the strainer. 
On the pH scale a pH value of 7 is considered neutral, below 7 it shows 
acidic, while above 7 it indicates a basic nature. 
The desireable limit of pH values for drinking water as given by the 
World Health Organization (W.H.O., 1984), is from 7 to 8.5 pH while the maximum 
permissible level is between 6.5 to 9.2 pH. 
In the study area the pH values of the groundwater were found to vary 
between 7.6 to 8.5 on the left banl< tract and 7.2 to 8.95 on the right bank tract 
of the Ganga river. 
2. Electrical Conductivity (EC, in micro mohos/cm at 25°C) 
The electrical conductivity is defined as reciprocal of the electrical 
resistance of a 1 cm^ material at 25°C (McCutcheonetal., 1993). The electrical 
conductivity is the measure of the mineralisation and indicative of salinity 
magnitude of the groundwater. The electrical conductivity with 400p mohos/cm 
at 25°C is considered suitable for human consumption (W.H.O., 1984) while 
more than 1500M mohos/cm at 25°C may cause corrosion of iron structures. 
A perusal of the (Fig. 38) shows that on the right bank tract of the study 
7a*)s' 78 JO 7»'2S 7 8*3 0' 
7 8 IS 78*20' 7«*25' 78*30' 
Fig. 38: Electrical Conductivity Map of the Area. 
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area the electrical conductivity values range from 430.3p mohos/cm at 25''C at 
Ramghat to 1173.1 p mohos/cm at 25°C at Salabad while, on the left bank tract 
it range between 216 to 796M mohos/cm at 25°C at Pusawali and Sambhal 
respectively. The E.G. values of the deeper aquifer water on the right bank tract 
vary from 348 to 883M mohos/cm at 25°C whereas on the left bank it ranges 
from 353 to 61 8M mohos/cm at 25°C. The left bank tract shows lesser electrical 
conductivity values in comparision to the right bank tract which suggests that 
the groundwater of the left bank tract is less mineralised than the right bank 
tract. 
MAJOR ELEMENTS 
1. Carbonates 
The dissolution of carbondioxide in the water affects the alkalinity of the 
natural water. Hence, the carbonate and bicarbonate with higher concentration 
is harmful to the human beings (Trivedy and Gael, 1984). 
The carbonate concentration in shallow aquifer was found to be varying 
from 3 to 38ppm on the left bank while it ranges from 11 to 87 ppm on the right 
bank tract. In the deeper aquifer on the right bank it ranges from 18 to 81 ppm 
while on the left bank it varies from 6.0 to 48 ppm. However, the concentration 
is within the permissible limit. 
2. Bicarbonates 
The bicarbonate shows wide fluctuations because it's content depends 
upon the partial pressure of carbondioxide in the soil. The water containing 
eoOppm of bicarbonate is considered fairly safe and good for domestic and 
irrigation purposes (W.H.O., 1984). 
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On the left bank tract, the concentration of bicarbonate varies from 83 
ppm at Multamustafabad to 402.6 ppm at Mirzapur and on the right bank tract 
the concentration ranges between 95.8 ppm at Hasanpur to 649.7ppm at 
Pahasu. However, the deeper aquifer on the right bank shows variation between 
500.2 to 640ppm and on the left bank it ranges from 180 to 433.1 ppm. 
3. Chloride 
The chlorides are highly soluble with most cations, therefore, chlorides 
can not be removed biologically in the treatment of the waste water. 
The desirable and excessive limit for drinking water as given by Indian 
Council of Medical Research (1975) is 250ppm and 10OOppm respectively. But 
the World Health Organisation (1984), has suggested that in no case the 
concentration should exceed 600ppm. However, water containing less than 
150ppm chloride is satisfactory for most purposes, while higher chloride water 
may affect the kidney tissues of the infants. 
The concentration of the chloride on the left bank tract (Fig. 39) varies 
from 12ppm at Chila Pathra to 56ppm at Fatehpur, and on the right bank its 
concentration ranges between 17.8 ppm at Narora to 139.6 ppm at Dibai. 
However, in the deeper aquifers of the right barvk tract, chloride concentration 
varies from 9.94ppm at Narayanpur to 93.66 ppm at Anupshahr, while on the 
left bank tract it ranges between 10ppm at Sambhal to 50ppm at Madkawali. 
SULPHATE 
Sulphate is an important constituent of groundwater leaching from upper 
soil layers, which may cause gastrointestinal irritation if it exceeds 250ppm 
(Raghunath, 1982). Therefore, sulphate concentration in drinking water should 
not exceed 250ppm othenvise water will have a bitter taste and may have laxative 
7B"15 76*20' 7S 25 7 8 30 ' 
7 8" 10 ye-is 7 8° 20 7 8 * 2 5 ' 7 8 ' ' 3 0 ' 
Fig . 39: Iso-Chloride Map of the Area. 
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effect at higher level (W.H.O., 1984). The concentration of sulphate on the 
right bank tract ranges between 10ppm at Pundrawal to 80ppm at Danpur 
while, on the left bank tract it varies from zero to 76ppm at Faridpur. In the 
deeper aquifers sulphate concentration ranges from zero to 53ppm at Satbara 
on the right bank tract, while on the left bank tract it varies from zero to 21 ppm 
at Sambhal. 
SODIUM 
Sodium is considered to be harmful to persons suffering from cardiac 
diseases and high blood pressure, therefore, the concentration of sodium should 
be within the limit recommended by the W.H.O (1984) as, 200ppm for drinking 
water. 
The concentration of sodium in groundwater depends on the 
hydrogeological conditions, season of the year and the industrial activities in 
an area. 
The concentration of sodium vary from 13ppm at Mahmudpur to 63ppm 
at Gunnaur on the left bank tract, while on the right bank tract it varies from 
10ppm at Ramghatto 98ppm at Pahasu. However, in the deeper aquifer, sodium 
concentration varies from 9ppm at Graha to 63ppm at Madkawali on the left 
bank tract, while on the right bank tract it ranges from 9ppm at Ramghat to 
89ppm at Pahasu. 
POTASSIUM 
The potassium Is not much significant from the health point of view but 
large quantities may be laxative (Trivedy and Goel, 1984). 
The range of Potassium in drinking water was given by I.C.M.R. (1975) 
as 1000-2000ppm. 
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The concentration of potassium on the right bank was recorded 
ranging from 6ppm at Narora to 77ppm at Pahasu, while on the left bank tract 
the concentration ranges between 3.3ppm at Faridpurand 30.8ppm at Pusawali. 
In the deeper aquifers potassium concentration ranges from 2.2ppm at Graha 
to 17.3ppm at Udanpur on the left bank while on the right bank tract it ranges 
between 7ppm at Narora to 67ppm at Pahasu. 
CALCIUM 
The calcium is one of the most abundant substance of natural water, 
(Trivedy and Goel, 1984). Calcium forms an essential element for the growth of 
the human body, which is required between 0.7 to 2.0 grams/day. Howeirer, 
the excess of calcium in drinking water creates complications. The Maximum 
limit of calcium in drinking water is 200ppm and the desirable limit is 75ppm 
(W.H.O., 1984; I.C.M.R., 1975). 
The calcium concentration in the groundwater of the study area varies 
from 6.4ppm at Pahasu to 91.5ppm at Salabad on the right bank tract while on 
the left bank tract it ranges between 8.82ppm at Mirzapur to 62ppm at Fatehpur. 
The calcium concentration in the deeper groundwater samples on the 
right bank tract ranges between 9.62ppm at Anupshahrto 140.30ppm at Pahasu, 
while on the left bank tract it varies from 12.8ppm at Udanpur to 44.1 Oppm at 
Graha. 
MAGNESIUM 
Magnesium is one of the constituent responsible for hardness of water. 
However, higher magnesium concentration may be cathartic and diuretic (Lehr, 
et al., 1980). Also, the values of magnesium combined with sulphate acts as 
laxative to human beings. The minimum and maximum permissible limits of 
185 
magnesium in drinking water is SOppm and lOOppm (I.C.M.R., 1975) 
respectively. 
The magnesium concentration in thie study area ranges t)etween 4.2ppm 
at Ramghat and 104ppm at Saiabad on the right bank tract, whereas, on the 
left bank tract it varies from 12ppm at Mullamustafabad to 53.12ppm at Mirzapur. 
In the deep tubewells the magnesium concentration ranges between 
3.4ppm at Ramghat and 121.82ppm at Anupshahr on the right bank tract, 
while on the left bank tract it varies from 15ppm at Sambhal to 46.30ppm at 
Sasuna. 
HARDNESS 
Hardness is defined as a measure of the ability of a water to precipitate 
soap. The soap precipitation is controlled by the magnesium and calcium ions 
present in water and is computed from the sum of the two ions expressed in 
MgCaC03L-\ (McCutcheon, et al., 1993). The hardness in water is derived from 
the solution of carbondioxide, released by bacterial actions in soil in percolating 
rain water (Sawyer and McCarty, 1967). Hardness results from the presence of 
divalent metallic cations of which calcium and magnesium are the most 
abundant in the groundwater. 
The hardness can be classified on the basis expressed in l\1gCaC03L-^  
as follows: (after McCutcheon et al., 1993): 
Table-19. 
CLASS OF HARDNESS 
Soft 
Moderately hard 
Hard 
Very hard 
CONCENTRATION IN 
MgCaCOg/L^ 
0-50 
51-120 
121-180 
>180 
78 tS 78-2 0' 
78*10' 78*1S' 78*20' 78*15' 7 8*20' 
Fig. 40: Total Hardness Map of the Area. 
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The permissible limit given by the (W.H.O., 1984) is 500ppm.The values 
of hardness in the shallow groundwater of the area (Fig. 40) varies from 85ppm 
at Pandrawal to 715ppm at Salabad on the right bank tract, while on the left 
bank tract it ranges between 111 ppm at Garha to 271 ppm at Atarsi. 
However, in the deep groundwater the hardness concentration varies 
from 149ppm at Ramghat to 524ppm at Anupshahr on the right bank tract, 
while on the left bank tract it ranges between 153ppm at Sasuna to 264ppm at 
Sambhal. 
FLUORIDE 
Fluoride is generally present in low concentrations in groundwater 
(Fletcher, 1986). However, it is important to know the amount of fluoride in 
water used by children, in which fluoride concentration upto 1 ppm is appreciatrfe 
tHJt excessive concentration more than 1 ppm may cause mollting of teeth enamel 
and further concentration above 5ppm may cause crippling problem i.e. bone 
steosis. 1ppm is a recommended limit for fluoride in drinking water (W.H.O., 
1984). 
The fluoride concentration on the left bank tract ranges between 0.13ppm 
at Gunnaur and 0.86ppm at Ghila Pathara, while on the right bank tract it varies 
from 0.48ppm at Maiakpurto 1.23ppm at Chimoali. In case of deep groundwater 
aquifers it ranges between 0.23ppm at Sasuna and 0.90ppm at Sambhal on 
the left bank tract while on the right bank tract fluoride concentration varies 
from 0.53ppm at Ramghat to 0.98ppm at Jhangirabad. 
NITRATES 
Nitrate is generally not present in natural water, however, nitrate is added 
only by extraneous sources like sewage, fertilizers, and human and agriculture 
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waste, thus, nitrate is an indication of groundwater pollution. The permissible 
limit is upto 45ppm as given by I.C.M.R. 1975. 
The nitrate concentration ranges between 3.7ppm at Bagsara to 
33.1 ppm at Narora on the right bank tract, while on the left bank tract it varies 
from 2.5ppm at Gunnaurto 25ppm at Rewara.The deep groundwater aquifers 
show variation from 3.14ppm at Sasuna to 18.30ppm at l^adkawali on the left 
bank tract while on the right bank tract it ranges from 4.6ppm at Pahasu to 
28.46ppm at Narayanpur. 
The nitrate concentration exceeding 45ppm in the groundwater causes 
the death of dhildren due to blue baby diseases. Excess nitrate concentration 
eats the hemoglobin in the blood and this disease is called hemomethoglobin 
anemia. However, the concentration of nitrate in the groundwater in the study 
area is within the permissible limit. 
Representation of Cations and Anions Graphically 
There are many ways in which chemical analysis data can be displayed 
namely, bar graph, circular graph (Pie), radial graph and stiff diagram, and all 
are easily constructable and provides a quick visual comparison of individual 
chemical analysis. However, they are not convenient for graphic presentation 
of large numbers of analysis. Therefore, Piper (1944) diagram is found to be 
convenient in reprenting large number of data, however, this diagram is 
somewhat similar to Hill (1940) diagram. 
Trilinear Diagram (Piper Diagram) 
The Trilinear diagram represents the concentration and the percentages 
of cations and anions in which each analysis is represented by a single point 
(Appendix-VIIIA, B & C). However, water samples with different concentration 
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can have identical representation in this diagram and the major trends in the 
data can be discerned visually. 
The cations and anions are plotted in separate triangles. The intersection 
of lines extended from the two triangles (cation & anion) to the rectangle gives 
a point which represents the major-ion composition on a precentage basis. 
This diagram is useful for visual interpretation describing differences in 
major-ion chemistry in the ground water flow systems. 
Groundwater Facies 
Depending on trilinear diagram, Back (1961 & 1966), Back & Hanshaw 
(1965), Morganan Winner (1962) and Seaber (1962), introduced the 
hydrochemical facies which have distinct cation-anion concentration describable 
within a defined composition categories. 
The definition of hydrochemical facies is a paraphrase of the definition of 
facies as used by geologist; facies are identifiable parts of different nature 
belonging to any genetically related body or system. Hydrochemical facies are 
distinct zones that have cation and anion concentrations describable within 
defined composition categories (Freeze & Cherry, 1979). As water flows through 
an aquifer it assumes a diagnostic chemical composition as a result of interaction 
with lithologic framework or geologic environments. According to Back (1961), 
the term hydrochemical facies is used to describe the bodies of groundwater in 
an aquifer that differ in their chemical composition. The facies are a function of 
lithology, solution kinetics and flow patterns of the aquifer (Back, 1966). 
Aperusal of (Fig. 41) Shows that the majority of the shallow and deep 
groundwater samples belong to Bicarbonate Type in the anion facies, while on 
the cations facies the water samples belong to No DominentType as well as to 
Calcium Type and Sodium or Potassium Type. Few samples fall in the class of 
• Dug wells 
o Tubwells 
X Surfoce woter 
-\ 1 1 1 1 1 r 
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^—Co 
Cations Facies 
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A. MagnisiumType 
B. Calcium Type 
C. Sodium or Potassium Type 
D. No Dominent Type 
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C I — * 
AnionsFocies 
E. Sulphate Type 
F. BicarbonoteTyp 
G. Chloride Type 
H. NoDominent Type 
Fig. 41: Plot of Chemical Composition of dug wells, 
Tubewells and surface water smaples on 
Trilinear Diagram. 
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Magneisum Type. 
As a result, the groundwater of the study area belongs to an Alkali-
Bicarbonate Type. 
The surface water samples show Bicarbonate Type, and among the cation 
fades many fall on the Calcium Type and few on the No Dominent Type. 
TRACE ELEMENTS 
The trace elements are the elements which are less commonly 
encountered constituents (less than 1 ppm), nevertheless they are important 
and play a major role in the human and animal metabolism and healthy growth 
of plants. 
Trace elements are present in natural water because of the rock-water 
interactions as well as they are induced through industrial efluents and domestic 
sewage. As a result, the concentration of the trace elements is found to be 
more in the shallow aquifer water samples than in the deeper aquifer water. 
The cause may probably be excessive use of fertilizer, pesticides and herbicides, 
septications, agricultural waste, besides house hold refuses and sewage 
disposables. 
However, human beings and animals take a fraction of these constituents 
through their respective diets and also through the medium of drinking water or 
beverages. 
Therefore, trace elements like iron, lead, zinc, copper, manganese and 
cadmium were determined to check their levels in the water samples in the 
study area. The result of the chemical analysis are given in appendices (VI C, 
E and G). 
Some of the trace elements found in the water samples of the study 
area are given below. 
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IRON 
Iron is one of the essential element in human nutrition as well as for 
animals and plants. The guideline value for iron is 0.3 ppm as it has been 
recommended by W.H.O. (1984). 
Humans are usually well protected from oral overdose but children from 
1 to 2 years of age are particularly vulnerable to iron toxicity from ingestion of 
iron supplements that have been commercially prepared for adults (Fairbanks, 
et.al., 1971). However, high concentration may cause toxic effect on the public 
health. Also, presence of iron can give rise to an astringent taste, discoloration, 
deposits of rust and could promote the growth of iron bacteria. 
In shallow aquifer, the iron concentration on the right bank tract ranges 
from 0.0 ppm at many places to 0.16 ppm at Chaundhera while on the left bank 
it varies between O.Oppm to 0.15ppm at kaili. However, in the deep groundwater 
the iron concentration on the right bank vary from O.Oppm to 0.12ppm at Dungra 
Jogi and on the left bank it ranges from O.Oppm to O.OSppm at Sambhal and is 
very well within the permissible limits. 
LEAD 
Lead is a relatively abundant metal in nature, occurring in lead bearing 
minerals. However, in the atmosphere it is relatively more abundant than other 
heavy metals. One of the source of lead is the water supply pipes which are 
joined and set with the liquid lead which on contact with the running water adds 
lead into groundwater. Excess of lead does not permit Utilisation of oxygen 
and glucose for life sustaining energy production which can be detected in the 
blood at about 0.3ppm concentration. Although seldom seen in the adult 
population, irreversible damage to the brain is a frequent result of lead 
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intoxication in children. Such lead intoxication most commonly results from 
ingestion of lead containing paint found in homes besides tea which too contains 
lead and is widely used around the globe. The major toxic effects of lead include 
hypertension, neurological disfunction and renal Impairment. The common 
symptoms of lead poisoning are anemia, severe intestinal cramps, paralysis of 
nerves particularly of arms and legs, loss of appetite and fatigue (Train, 1979). 
The highest desirable limit as given by W.H.O. (1984) is 0.1 ppm of lead 
in the drinking water. 
The lead in water samples of the shallow aquifer on the right bank varies 
from O.Oppm at many places to 0.102ppm at Ratanpur, while on the left bank it 
ranges between O.Oppm to 0.04ppm at village Graha. The deeper aquifer on 
the right bank show a variation from O.Oppm to 0.204ppm at Pahasu which is 
much above the limit, while on the left bank it is ranging between O.Oppm to 
0.02ppm at Sambhai. 
CADMIUM 
Cadmium is highly toxic and responsible for several cases of poisoning 
through food. It accumulates mainly in the liver and kidney, thus, causing 
pathological changes of the hepatocytes of the liver as well as the kidney 
(Itokawa, et al., 1975, ColuccI, et al., 1975). 
Cadmium occurs in nature in association with the zinc minerals. Growing 
plants absorbs Zn, during this process they also take up Cd with the same 
biochemical setup. Cadmium of high level causes kidney problems, anemia 
and bone marrow disorders. Also, it causes testicular tumors, renal disfunction, 
hypertension, genetic defects, chronic disease of old age and cancer. Among 
the Japanese, excessive cadmium intake led to the occun-ence of itai-itai disease 
(Kobayashi, 1970), which is a loss of bone minerals creating flexiblity in bone 
tissues. 
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The recommended pemiissible limit of cadmium in drinking water is 
0.01 ppm (I.S.I., 1983, W.H.O., 1984). The concentration of cadmium in the 
shallow aquifer on the right bank tract ranges between 0.044ppm at Dibai to 
O.OBppm at Rewara, while on the left bank tract it varies from 0.016ppm at 
Graha to 0.16ppm at Rajpura. The deeper aquifer on the right bank shows 
variation between 0.02ppm at Narayanpurto 0.058ppm at Satbara, and on the 
left bank it ranges between 0.02ppm at Gaunnaur to 0.057ppm at Sambhal. 
However in all, the cadmium concentration is above the limit. 
MANGANESE 
Manganese, although not a toxic metal, but the inhaled manganese 
dust has been reported to be toxic to humans. However, large doses of ingested 
manganese can cause some disease and liver damage (Trivedy and Goel, 
1984). 
The recommended limit in drinking water is O.OSppm as recommended 
byW.H.O. (1984). 
The manganese concentration in the shallow aquifer on the right bank 
varies from 0.0 ppm at many places to 0.857ppm at Rajghat, while on the left 
bank it varies from O.Oppm to 0.174ppm at Mahmudpur. However, the deeper 
aquifer has variations from O.Oppm to 0.261 ppm at Sasuna on the left bank 
and from O.Oppm to 0.36ppm at Anupshahr on the right bank tract. The higher 
concentration of manganese in parts of the study area may cause neurological 
syndrome, resembling manganese encephalopathy 
COPPER 
Copper is an essential element in human metabolism (W.H.O., 1973), 
the adult daily requirement is about 2.0mg. Copper salts are used in water 
supply system for controlling biological growths, in reservoirs and distribution 
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pipes for catalysing the oxidation of manganese. The corrosion of copper 
containing alloys in pipe fittings may introduce measurable amount of Cu into 
water. 
O.OSppm Cu in drinking water is considered non-toxic concentration 
(W.H.O. 1984). 
In the shallow aquifer, copper concentration varies from O.Oppm to 
0.28ppm at Satbara on the right bank tract while it ranges from 0.0 ppm at 
many places to G.GBBppm at Sarai on the left bank tract. In the deep aquifer on 
the right bank it varies from O.Oppm to 0.201 ppm at Pahasu and on the left 
bank it ranges from O.Oppm to 0.2ppm at Sambhal. The concentration in the 
study area is higher than the recommended limit. 
ZINC 
Zinc is an essential and beneficial element for human bodies. The daily 
requirement of children is 0.3 mg/kg of the body weight, while, for adult, intake 
average varies from 0.0 to 1.5mg/kg of the body weight. The deficiency of zinc 
in children leads to growth retardation. However, concentration above 5ppm 
causes bitter taste and an apalescence in alkaline water (W.H.O. 1984). 
The concentration of zinc in the shallow aquifer ranges from 0.06 ppm 
at Ratanpur to 1.472 ppm at Ramghat on the right bank tract, while it varies 
from O.Oppm at Rewara to 0.622ppm at Gonhat on the left bank tract. In the 
deeper aquifer water on the left bank it varies from 0.056ppm at Pathakpur to 
0.622ppm at Chachura, while on the right bank it ranges between 0.066ppm at 
Pahasu to 1.47ppm at Ramghat. However, the zinc level in the shallow and 
deep aquifer water is within the permissible limit. 
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WATER QUALITY CRITERIA IN RELATION TO ITS USES 
The chemical composition of a natural groundwater may undergo 
complex changes by an interplay of several or numerous processes. 
Most interpretations of groundwater quality data are made to determine 
if the groundwater in an area is satisfactory in quality for proposed use. Whether 
a groundwater of a given quality is suitable for a particular purpose depends on 
the criteria or standards of acceptable quality for that use. Quality limits of 
water supplies for drinking water and for irrigational and industrial uses will now 
be discribed as under. 
The main classes of water uses are:-
1. Domestic and Municipal uses. 
2. Agricultural uses (irrigation). 
3. Industrial uses. 
DOMESTIC AND MUNICIPAL USES 
The chemical and biochemical constituents in groundwater determine 
its usefulness. Hence, the requirements for a safe drinking water are that it 
should be free from biological, chemical and radionucleids contaminations as 
they impinge on human health. 
Accordingly the concentration of various major and trace elements 
encountered in the water samples of the study area were compared with the 
drinking water standards of the World Health Organization (1984) and the Indian 
standard Institute, (1983) which are given in the table-20. 
A perusal of the table shows that, the concentration of pH, Ca*^ Mg*^ 
CI, F, NOg', Cu, Fe and Zn are well within the permissible limits as recommended 
by W.H.O., (1984) and I.S.I., (1983). However, the concentration of the total 
hardness, Mn, Cd and Pb are found higher than their permissible limits in drinking 
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water. These elements are harmful and Insidious pollutants because of their 
adverse effects on human health at certain level of exposure and absorption. 
However, the top aquifer groundwater is comparatively more polluted than 
deeper aquifer water, hence, the safe drinking water be supplied after proper 
treatment through tapping deeper aquifers. 
WATER QUALITY CRITERIA FOR AGRICULTURAL USES 
(Irrigation) 
Agriculture forms the main source of livelihood of the people in the area 
of investigation, hence, it is very important to discuss the hazards which affect 
the crop productivity. 
Moreover, there are many factors which have to be considered in 
evaluating the usefulness of groundwater for irrigation. They are, total 
concentration of dissolved solids, the concentration of individual constituents, 
the relative proportion of some constituents, the nature and composition of the 
soil and sub-soil, the topography of land, the position of water table, the amount 
of groundwater used and methods of applying, the type of crops grown and the 
climate of the area and method of crop management (Walton, 1970). 
The most effective hazard is the salinity and the sodium hazard, because 
the germination of seed is reduced when excessive accumulation of salt exists 
in agricultural soil as it causes flocculation resulting into the formation of a 
relatively impermeable crust (Hem, 1959) which lowers the permeability and 
hence the fertility of the soil. 
To study the suitability of groundwater in the study area for agricultural 
uses, the electrical conductivity, relative proportion of sodium to other cations, 
residual sodium carbonate and concentration of certain specific elements were 
analysed. Subsequently, the chemical analyses data were processed, plotted 
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and interpreted on the basis of the established guide lines proposed by the 
various workers which are as under. 
Based on sodium Adsorption Ratio (SAR) and the electrical 
conductivity, a graphic classification was given by U.S. salinity Latwratoray Staff 
USSL (1954) to help interpreting the suitability of water quality for imgational 
uses where the electric conductivity (EC) is an indicator of salinity and (SAR) 
as an index for sodium hazard. The SAR is defined as follows: 
Na^ 
SAR = 
V(Ca*^ + Mg*y2 
where, the concentration of these cations is expressed in epm. 
The quality classification for irrigation water is given in the table-21 below: 
(After, USSL, 1954), 
Table-21. 
WATER 
Excellent 
Good 
Fair 
Poor 
(SALINITY HAZARD) EC 
in micro moho/cm at 25°C 
<250 
250-750 
750-2250 
>2250 
(ALKALI) 
SAR 
upto 10 
10-18 
18-26 
>26 
A persual of the diagram (Fig. 42) shows that two water samples fall 
under C,-S, class, and nearly 65 percent of the water samples in the area fall 
under the C^-S, while 33% fall under Cg-S, Class which are suitable for the 
irrigation purposes. 
The Residual sodium Carbonate (RSC) has been calculated by the 
formula given by Eaton, (1950) which is as follows: 
R.S.C. = (CO3-' + HCO3-) - (Ca*' + Mg*') 
where, the concentration of cations and anions is expressed in epm. 
To determine the hazardous effect of carbonate and bicarbonate on the 
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quality of water for agricultural purposes, Eaton gave tfie following classification: 
Tabie-22. 
Water 
Excellent 
Good 
Fair 
Poor 
R.S.C. (in epm) 
«1.25 
<1.25 
1.25-2.5 
>2.5 
Tfie values of R.S.C. have been calculated (Appendix VIIB) and 
compared with the above classification which reveals that most of the values 
are within the limits of suitability except the few values which are above the 
limit. But in general, it can be said that the groundwater of the study area is 
suitable for the irrigation uses. 
Wilcox, (1955), has proposed another classification for irrigation water 
based on electrical conductivity and Soluble Sodium Percent and Boron 
concentration (Fig. 43). 
The sodium percentage is calculated by: 
(Na* + K*) 
Na% = xlOO (Ca*'+Mg*%Na*+K*) 
where, all concentrations are expressed in epm. 
The following table indicate the Wilcox classification. 
Table-23. 
Water 
Excellent 
Good 
Permissible 
Doubtful 
Unsuitable 
EC |j moho/Cm at 25°C 
<250 
250-750 
750-2000 
2000-3000 
>3000 
•D 
1 . 
O 
N 
o 
•— O 
2, 
E 
3 
X> 
o in 
i 
300 
>^ "* 
X 
E 
•5 
a< 
z 
J 
o 
l«n 
CM 
26 
2^ 
2A 
22 
20 
? 18 
c 
o 
f. 16 
o 
o u 
E 
3 
1 12 
10 
6 
6 
A 
2 
-
s 
^ 
1 
. J L m 
600 1250 1750 2000 3000 400050( 
1 
• 
mfP^^ 
1 1 I 1 1 ; 
: 
-
-
-
\ , ^ 
^ \ ^ -
^ ^ 
• 
* • 
• DUG W E L L S 
X D E E P TUBEWELLS 
O S U R F A C E WATER 
^r 1 
-
' -1 
30 
^2o 
10 
100 250 500 50 1000 1500 2250 
Conductivity (micromhos/cm ot 25°C) 
1—, — . , 
5000 
C3 
High 
C4 
VcryHigh 
Sa l i n i t y h a z a r d 
F i g . 43: P l o t of Na % Vs E.C. of d u g e w e l l s . 
Tub %#ells and s u r f a c e water 
samples. 
203 
A perusal of the Wilcox diagram shows that the quality of the groundwater 
falls into two categories i.e. excellent to good and good to permissible. This is 
inconformity with USSL diagram and Eaton's formula where, in general, the 
groundwater is found suitable for irrigation. 
However, besides the major ions, the role of trace elements in the proper 
growth of the plant cannot be looked out as they have been found to be 
profoundly beneficial to crops for plant growth at different stages of their 
development. Federal water Pollution Control Federation USA (1968) and Ayers 
and Branson (1975) put forward the tolerance limit for irrigation water and 
suggested proper interpretation of analytical data, thus, micronutrients like Cu, 
Zn, Fe, Pb, Mn and Cd were compared with standard limits. 
TABLE 24: Trace elements Tolerance limit of irrigation water as 
proposed by FWPCF (1968) and Ayers and Branson 
(1975). 
Elements 
Iron 
Cadmium 
Lead 
Manganese 
Copper 
Zinc 
Water used 
FWPCF (1968) 
Continuous 
0.005 
5.0 
2.0 
0.20 
5.0 
Short term 
in fine 
textured 
soils 
0.05 
10.0 
5.0 
5.0 
10.0 
Water use Ayers and 
Branson (1975) 
Continuous 
5.0 
0.01 
5.0 
0.2 
0.20 
2.0 
Short term 
in fine 
textured 
soils 
15.0 
0.05 
10.0 
10.0 
5.0 
10.0 
The trace element concentrations which are determined in the 
groundwater samples found well within the permissible limits. Hence, the 
groundwater of the study area is suitable for irrigation purposes. 
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INDUSTRIAL USES 
The quality requirements of water used in different industrial processes 
vary widely Moreover, within each industry, criteria cannot be established, only 
limited ranges can be stated. 
For example, the water used in food industry, boiler feed and cooling 
should be free from corrosive nature and the concentration be less than 80 
ppm (Anon, 1940). Pure water is required for manufacture of pharmaceutical, 
paper and beverages. 
Accordingly, the water quality of the study area fullfils the creteria for all 
Industrial uses and even for the pharmaceutical and paper uses too, after the 
preliminary treatment for hardness. 
SURFACE WATER QUALITY 
To ascertain the quality of the surface water and its relation with 
groundwater, watersamples for major and trace elements studies were collected 
from different locations along the rivers (Ganga, Kali, Mahawa and Bagad), 
Upper Ganga Canal (Anupshahr branch), lower Ganga canal and their 
distributaries and were chemically analysed (table-25). 
A perusal of table-25 shows that the pH values range between 7.2 to 
8.2, the electric conductivity varies from 128.6 to 631.3 p Moho/Cm at 25°C 
showing that the water is very less mineralized and is alkaline in nature. Further, 
its comparison with the groundwater shows that the surface water has less 
concentration of cations and anions and also lesser amount of trace elements 
concentration than the groundwater. 
The surface water quality study shows that it is suitable for all the 
purposes of human needs. 
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SUMMARY 
AND 
CONCLUSION 
SUMMARY AND CONCLUSION 
Water is an essential component ol our life system and groundwater is 
one of the important sources of water which occurs in the pore spaces of the 
unconsolidated alluvial sediments, Interconnected fractures and solution cavities 
of the hard rock formations. 
Remote sensing is a unique technique that finds its wide applications in 
the study of the hydrogeolgy of an area. 
Accordingly, an attempt has been to make a comprehensive study of 
the landtorm systems and evaluate the various geomorphological units in parts 
of the Central Ganga basin, lying in parts of Bulandshahr, Budaun and 
Moradabad districts. 
The objectives of the present hydrogeological investigation are to: 
1. delineate the major aquifer zones, their lateral and vertifcal extents and 
their inter-relatonships. 
2. and to detrmine their hydrologic parameters like transmissivity, storativity, 
hydraulic conductivity and specific yield. 
The study area is a part of the Central Gangetic plain a huge alluvial 
tract which forms one of the most potential groundwater repositories of India. 
The area is spreads over 2484.5 sq.km and is divisible into three distinct 
physiographic units, that is, upland, low land and Ganga Flood Plains and is 
drained by the Ganga, Kali, Nim-chhoiya, Mahawa, Bardmar, Bagad and Tikta 
rivers which flow in northwest to southeast direction. 
The morphometeric analysis of the drainage networks of the study area 
shows that, the left bank micro-water-sheds (Ganga, f^ahawa-Badmar-Bagad-
Tikta) have higher infiltration rate which result in shallow water level while deeper 
water levels are present on the right bank tract. This is supported by factors, 
low drainage density, high stream length and high mean stream length. 
?07 
The area falls under the sub-tropical climatic zones of India which 
receives an average annual rainfall of 702.65mm. The southwest mansoon 
breaks during the second week of June and end in September. 
LANDASTTM FCC's imageries were visually interpreted using colour, 
texture, pattern, drainage, shape, association, etc. and accordingly, four 
geomorphic units were delineated and mapped on 1:250,000 scale as Varanasi 
Older Alluvial Plain (VOAP), Aligarh Older Alluvial Plain (AOAP), Terrace Zones 
(TZ) and the Ganga Recent Flood Plain (RFP). 
The digital image processing involves mathematical operations to convert 
digital number (DN) values into new grey levels to generate geometrically 
corrected, spatially correlated and tonally enhanced image which facilitates 
information extraction in respect of various themes and consequently the 
enhancement operations improve the interpretability of the images by increasing 
the apparent contrast among various features in the scene. The digital image 
products comprise single bands linear stretch, filtered images, histogram 
equalisation images, ratio images, principal component analysis images (PGA), 
intensity, hue and saturation images (IMS), classified image (Landuse Map) 
and false colour composites (FGG's). 
Accordingly, the various landforms features delineated in the area 
comprised the abandoned channel, channel scars and meander scars which 
indicate the aggradational activity which must have facilitated the river Ganga 
in migrating west wards, which is very clearly picked up through the digital 
image processing products (Median filter, histogram equalisations, intensity, 
hue and saturation, principal component 1 and FCC of the principal components, 
ratio images like 1/3, 3/1, 1/4, 3/2 etc., FCC's of bands-1, 2 & 3 and FCC's of 
bands-241, 314 and the FCC's of bands-4, PC 1, PC 2 & 3/4 ratio). 
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As regards the origin of the Ganga basin there are various shades of 
opinion viz: it was a fore deep (Suess, 1993-1924) or a great rift valley (Burrard, 
1915), filled up with alluvium of thickness 4.5 km (Oldham, 1917) to 20 km. 
(Pascoe, 1964). Krishnan (1968), considered it a sag or depression formed by 
buckling down of the crust in obedience to pressure exerted on the borders of 
the Peninsula by compressive forces. Dickinson (1974), consideres the Indo-
Gangetic trough as the most impressive present day peripheral foreland basin 
formed as a result of continent-continent collision between Indian and Asian 
plates. Valdiya (1982), interpreted it as a resultant effect of sagging of the 
northern flank of platform around Bundellkhand shield following the main episode 
of the Himalayas orogeny during the Middle Miocene times. Thakur (1995), 
viewed that, the Ganga basin is a shallow foreland basin created south of the 
rising Himalaya due to the bending of the Indian Plate, produced through 
overriding of the Lesser Himalayan napes. Pramanik et al., (1996) viewed that, 
the Ganga basin is a polycyclic basin, initiated as an intracratonic rift during 
early Proterozoic in extensional phase and subsequently changed over to a 
pericratonic set-up. 
These shades of opinions regarding the origin of the Ganga basin conform 
to the creation of a trough or depression in front of the newly risen Himalaya 
during Middle Pliocene times which was rapidly filled up by the sediments 
brought by the rivers emerging from the newly risen Himalaya as well as from 
the rivers of the Peninsula giving rise to the present configuration. 
Tectonically, the baisn consists of alternate ridges and depressions. 
Sastri et.al, (1971), divided the Ganga basin into Eastern Uttar Pradesh Shelf 
(2) Faizabad High (3) Western Uttar Paradesh shelf (4) Sarda depression and 
(5) Gandak depression. Pramanik et al., (1996) have classified for the Ganga 
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basin into eleven ridges and depressions i.e. Delhi-Hardwar ridge, Bunlell<hand-
Allahabad ridge, Shikohabad - Lucl<now - Farenda ridge, Zamania - Sitannartii 
ridge, Monghyr - Saharsa ridge, Sahaspur depression, Bahraich depression, 
Puranpur depression, Gandak depression, Madhubani depression and Pumea 
graben. 
As a result of the large scale exploratory drilling by ttie O.N.G.C. for 
petroleum and C.G.W.B. for groundwater tiave tielped delineate the sub-surface 
stratigraphy of the study area, where Bundelkhand Granite forms the Basement 
Complex unconfomnably followed by Upper Vindhyans, which is further, overlain 
by the Neogene (Middle and Upper) Siwaliks and finally by the Quaternary 
Alluvium. 
A principal clue to the groundwater conditons of an area is its 
hydrogeological cross-sections and fence which indicate the lateral and the 
vertical dispostion of the aquifer zones in the area. 
A persual of the fence diagram and the hydrogeological cross-sections 
show that by and large there occurs a single bodied aquifer system down to 
120m depth except at places where it is interleaved with 5 to 10m thick lenticular 
clay beds. The clay bed attains thickness around Sambhal and in the Kali-Nim 
interfluves. 
The grain size analyses of the aquifer materials shows that, the effective 
size of the aquifer material ranges between 0.07 to 1.25 mm indicating medium 
to fine sand, while the effective size of the river Ganga sediments on the right 
bank ranges between 0.084 to 0.094mm and on the left bank varies between 
0.08 to 0.10mm which reveal that the right bank sediments are finer than that 
of the left bank sediments. The uniformity coefficient of the aquifer materials on 
the two bank tracts shows high porosity values, but, the left bank tract aquifer 
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materials shows higher porosity values in comparison to the right bank tract. 
The hydraulic conductivity of the aquifer material ranges between 25.39 to 
26.86 m/day while that of the Ganga sediments ranges 36.28 to 51.85 m/day 
Water levels measured in the obsen/ation well networi<s, are presented 
as pre and post monsoon depth-to-water level maps, water level fluctuation 
maps, pre and post monsoon water level contur maps and the piezometric 
surface map and hydrographs etc. 
A perusal of the Pre-monsoon depth to water level maps (1994-1995) 
shows that the water level varies from 6 to 15 m.b.g.l. on the right bank tract, 
while it varies from 4 to 11 m.b.g.l. on the left bank tract. The post-monsoon 
depth to water level maps (1994-1995) show that, the water level various from 
6 to 14 m.b.g.l. on the right bank tract whereas it ranges between 2 to 10 
m.b.g.l. on the left bank tract. The water level fluctuations in the area ranges 
between 0.6 to 2.00m in the year 1994, while, it varies from 0.4 to 2.00m in 
1995. This slight difference was caused due to the scanty rainfall during 1994. 
The elevation of water table during pre-monsoon & post monsoon 1994-
1995 ranges from 189m in the northwest to 166m in the southeast above the 
mean sea level. The groudwater flows from northwest to southeast direction 
which is in comformity with the regional groundwater flow in the Central Ganga 
basin. Besides it, some local groundwater flow directions are also observed in 
the area which shows the effluent nature of the local drainage networks. 
However, the left bank of the Ganga river is influent in nature while the right 
bank is effluent. These variations in groundwater flow directions are controled 
by local factors. 
There are three mounds and three troughs in the pre-monsoon June 
1994 and 1995, while in the post monsoon of 1994 the number of troughs 
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increases to five but during 1995 post-monsoon the number of mounds increases 
to five and the number of troughs decreases to four. This increase in number of 
mounds and concomitant decrease in number of troughs is naturaiy caused 
due to the excessive rainfall during 1995. The hydraulic gradient values vary 
from 0.13 to 4.0m/km. The piezometric level map shows almost similar pattern 
to that of the water table contour maps which reveal that the top aquifers are 
interconnected with the underlying semi-confined aquifers. 
A perusal of the hydrographs on the left bank tract show a falling trend 
in water level which ranges from 0.1 Om. at Gunnaur to a maximum of 3.0m at 
Sambhal over a decade. However, the only hydrograph on the right bank tract 
located at Anupshahr shows a rising trend of water level and records 2.66m 
rise over the past one decade. Therfore, the right bank shows a mixed trend 
while the left bank tract shows a falling trend in the water level. 
As rainfall is the main source of groundwater recharge besides the canal 
seepage and irrigation return flow. The hydrograph shows that, the water level 
variation is cyclic and sinusoidal as a function of time and space. Moreover, the 
recession in water level is slow indicating that, the groundwater is in harmony 
with the regional groundwater movement. Further, the response of water level 
to rainfall and drought is quick, thus, changes in water level is due to the changes 
in the intensity and distribution of the rainfall. 
The calculated parameters (permeability, Transmissivity and yielding 
capacity) show that the left bank has more values compare to the right bank 
tract. 
The pumping tests and data analysis results reveal that the transmissivity, 
storativity and hydraulic conductivity values determined at Danpur on the right 
bank are 522.29m2/day, 1.13x10-^  and 37.31 m/day, while at Rajpura on the left 
bank are 3532.78m7day, 1.5x10-3 and 112.87m/day respectively 
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Hence, the two sides have different hydraulic conductivity, trarsmissivity 
and storage coefficient values. 
The groundwater resource evaluations studies reveal that, the net annual 
recharge in the area is 433.63 M.C.f^ . and the net draft is 252.13 M.C.M., 
leaving a balance of 181.49 M.C.M. as utilisable resource potential for 
sustainable development. 
The water samples collected from observation well networks, shallow 
and deep tubewells, rivers and canals were analysed for various constituents 
affecting the quality of water and its suitability for drinking, agriculture and 
industrial purposes. The results show that the groundwater belongs to 
Bicarbonate fades of anion group and Na-K type in cation facies, with few 
exceptions. Generally, the groundwater is potable, slightly hard, alkaline in 
reaction and moderately mineralised and an alkali-bicarbonate type. 
The surface water in general and the groundwater study shows that 
they are suitable for all human purposes except the shallow groundwater aquifer 
down to 20-30m.b.g.l. where the concentration of heavy toxic elements is slightly 
higher than the permissible limits. 
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APPENDICES 
APPENDIX I 
LITHOLOQICAL LOQS OF BOREHOLES DRILLED BY 
STATE TUBEWELL DEPARTMEIiT 
DISTRICT: BULANDSHAHR 
LOCATION: Dabaka (T.W. No. 154) 
SUCCESSION 
Clay 
Sand 
Clay with Kankar 
Sand 
Clay 
Sand 
Clay wKh Kankar 
DEPTH (in meters) 1 
13.28 
36.58 
57.92 
60.36 
64.02 
76.69 
79.26 
DISTRICT BULANDSHAHR 
LOCATION: Jahangirabad (TW. No. 71) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay with Kankar 
Sand 
DEPTH (in meters) 1 
4.57 
9.45 
10.36 
19.87 
25.60 
35.58 
40.85 
64.63 
THICHNESS 
12.28 
23.30 
21.34 
2.44 
3.66 
12.67 
2.57 
THICHNESS 
4.57 
4.88 
0.91 
9.51 
5.73 
9.98 
5.27 
23.78 
Contd.. 
DISTRICT: BULANDSHAHR 
LOCATION: Ahar (TW. No. 88) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
DEPTH (in meters) 
8.53 
21.34 
38.10 
42.80 
53.00 
95.42 
DISTRICT BULANDSHAHR 
LOCATION: Shukhupur (T.W. NO. 43) 
SUCCESSION 
Clay 
Sand 
ClaywKhKankar 
Sand 
Clay with Kanpur 
Sand 
Clay with Kanpur 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay with Kankar 
Sand I 
DEPTH (in meters) 
3.65 
9.63 
14.02 
21.34 
24.34 
35.53 
39.63 
42.68 
57.21 
70.12 
75.60 
79.26 
94.51 
103.65 1 
THICHNESS 
8.53 
12.81 
16.76 
04.70 
10.20 
42.42 
THICHNESS 
3.65 
5.98 
4.39 
7.32 
3.00 
1.19 
4.10 
3.05 
14.53 
12.91 
4.48 
3.66 
15.25 
9.14 
Contd. 
DISTRICT: BULANDSHAHR 
LOCATION: Dharampur (TW. Na 13) 
SUCCESSION 
Clay 
Sand 
Clay with Kankar 
Sand 
Clay 
Sand 
Clay 
DEPTH (In meters) 
11.89 
21.03 
25.91 
41.15 
42.68 
71.03 
74.39 
DISTRICT: BULANDSHAHR 
LOCATION: ChaUndera (TW. No. 151) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
DEPTH (in meters) 
10.67 
21.34 
25.00 
31.05 
45.73 
70.12 
73.17 
THICHNESS 
11.89 
9.14 
4.88 
15.24 
1.63 
28.35 
3.36 
THICHNESS 
10.67 
10.67 
3.66 
6.05 
14.68 
24.39 
3.05 
Contd.. 
DISTRICT: BULANDSHAHR 
LOCATION: Jlrajpur (T.W. No. 143) 
SUCCESSION 1 
Clay 
Sand 
Clay with Kankar 
Sand 
ClaywKh Kankar 
Sand 
Clay with Kankar 
Sand 
Clay with Kankar 
Sand 
Clay with Kankar 
Sand 
Clay 
DEPTH (in meters) 
3.04 
21.34 
24.39 
32.92 
43.68 
45.73 
61.82 
54.87 
62.60 
67.07 
74.39 
77.74 
91.46 
DISTRICT: BUDAUN 
LOCATION: FARIDPUR (TW. No. GG. 24) 
SUCCESSION 1 
Clay 
Sand 
DEPTH (In meters) 
1.52 
73.27 
DISTRICT BUDAUN 
LOCATION: Bhakrauli (TW. No. GG. 30) 
SUCCESSION 
Clay 
Sand 
Clay with Kankar 
Sand 
Clay 
DEPTH (in meters) 
1.52 
18.24 
20.47 
64.69 
73.47 
THICHNESS 
3.04 
18.30 
3.05 
8.53 
9.76 
3.05 
6.09 
3.05 
7.73 
4.47 
7.32 
3.35 
13.72 
THICHNESS 
1.52 
71.75 
THICHNESS 
1.52 
16.72 
2.23 
44.22 
8.78 
Contd.. 
DISTRICT: BUDAUN 
LOCATION: Dubari Kalan (T.W. No. 100) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand with Kankar 
Clay with Kankar 
Sand 
Clay wKh Kankar 
Sand with Kankar 
DEPTH (In meters) ] 
17.37 
26.28 
34.62 
48.76 
57.91 
73.15 
85.34 
108.50 
DISTRICT MORADABAD 
LOCATION: Pathkpur (TW. No. BG. 43) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand with Kankar 
Clay 
DEPTH (in meters) 
1.52 
6.10 
18.59 
22.55 
31.70 
42.06 
44.50 
46.94 
64.00 
78.64 
80.47 
87.17 
91.88 
101.49 
103.62 
THICHNESS 
17.37 
8.91 
13.34 
8.14 
9.15 
15.24 
12.19 
23.16 
THICHNESS 
1.52 
4.58 
12.49 
3.96 
9.15 
10.36 
2.44 
2.44 
17.06 
14.64 
1.83 
6.70 
4.71 
9.61 
2.13 
Contd.. 
DISTRICT : MORADABAD 
LOCATION: Sambhal (T.W. No. S Ca. 82) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
DEPTH (in meters) 
3.05 
15.25 
18.30 
24.40 
36.58 
48.78 
61.58 
60.98 
67.00 
100.61 
106.70 
DISTRICT MORADABAD 
LOCATION: Roradip (T.W. No. B.C. 101) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
Sand 
Clay 
DEPTH (In meters) 
3.05 
12.19 
18.28 
24.38 
30.48 
44.19 
56.39 
97.53 
100.58 
THICHNESS 
3.05 
12.20 
3.05 
6.10 
12.18 
12.20 
2.80 
9.40 
6.02 
33.61 
6.09 
THICHNESS 
3.05 
9.14 
6.08 
6.10 
6.10 
13.61 ' 
12.20 
41.14 
3.05 
Contd.. 
DISTRICT : MORADABAD 
LOCATION: That! (T.W. No. BG 100) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
DEPTH (In meters) 1 
3.05 
45.72 
48.77 
106.68 
109.72 
DISTRICT: MORADABAD 
LOCATION: Hisampur (TW. No. 93) 
SUCCESSION 
Clay 
Sand 
Clay 
Sand 
Clay 
DEPTH (in meters) 
3.65 
75.16 
78.15 
96.78 
100.59 
DISTRICT MORADABAD 
LOCATION: Chandanpur (T.W. No. HG. 108) 
SUCCESSION 
Clay 
Sand 
ClaywthKankar 
Sand 
Clay 
Sand 
Clay with Kankar 
DEPTH (in meters) 
3.04 
33.53 
36.58 
45.73 
48.78 
97.56 
100.60 
THICHNESS 
3.05 
42.67 
3.05 
67.91 
3.04 
THICHNESS 
3.65 
71.51 
2.99 
18.63 
3.81 
THICHNESS 
3.04 
30.49 
3.05 
9.15 
3.05 
48.78 
3.04 
Contd.. 
APPEMDIX II 
RESULTS OF MECHANICAL ANALYSIS OF AQUIFER 
MATERIAL AND THE RIVER QANQA SEDIMENT. 
LOCATION: Ganga (Shajhanabad) Left Bank 
Depth: 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
30 cm 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gram 
-
0.04 
0.09 
0.65 
8.32 
19.12 
51.94 
9.87 
5.53 
4.12 
Weight % 
retained 
-
0.04 
0.09 
0.65 
8.34 
19.18 
52.10 
9.90 
5.54 
4.13 
Cumulative 
Weight % 
retained 
-
0.04 
0.13 
0.78 
9.12 
28.30 
80.40 
90.30 
95.84 
99.97 
Cumulative 
Weight % 
passing 
100.00 
99.96 
99.87 
99.22 
90.88 
71.70 
19.60 
9.70 
4.16 
0.03 
Contd.. 
LOCATION: Ganga (Shajhanabad) Left Bank 
Depth: 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
60 cm 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gram 
-
0.03 
1.12 
0.65 
3.17 
6.58 
52.64 
21.34 
10.93 
2.75 
Weight % 
retained 
-
0.03 
1.12 
0.65 
3.19 
6.63 
53.06 
21.50 
11.02 
2.77 
Cumulative 
Weight % 
retained 
-
0.03 
1.15 
1.80 
4.99 
11.62 
64.68 
86.18 
97.20 
99.97 
Cumulative 
Weight % 
passing 
100.00 
99.97 
98.85 
98.20 
95.01 
88.38 
35.32 
31.82 
2.80 
0.03 
LOCATION: Ganga (Rajghat) Right Bank 
Depth: 30 cm 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gram 
-
0.02 
0.06 
0.50 
8.98 
18.39 
52.90 
10.07 
4.87 
3.09 
Weight % 
retained 
-
0.02 
0.06 
0.50 
9.08 
18.600 
53.49 
10.18 
4.92 
3.12 
Cumulative 
Weight % 
retained 
-
0.02 
0.08 
0.13 
9.21 
27.81 
81.30 
91.48 
96.40 
99.52 
Cumulative 
Weight % 
passing 
100.00 
99.98 
99.92 
99.87 
90.79 
72.19 
18.70 
8.52 
3.60 
0.48 
Contd.. 
LOCATION: Ganga (Rajghat) Right Bank 
Depth: 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
60 cm 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
9.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gram 
-
0.02 
0.97 
0.51 
3.49 
7.23 
53.11 
20.10 
11.12 
2.86 
Weight % 
retained 
-
0.02 
0.09 
0.51 
3.54 
7.34 
53.87 
20.40 
11.30 
2.90 
Cumulative 
Weight % 
retained 
-
0.02 
0.11 
0.62 
0.41 
11.5 
65.37 
85.77 
97.07 
99.97 
Cumulative 
Weight % 
passing 
100.00 
99.98 
99.89 
99.38 
95.84 
88.50 
34.63 
14.23 
2.93 
0.00 
LOCATION: Maubhur (Left Bank) 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gram 
-
1.85 
0.37 
0.69 
4.25 
5.17 
40.18 
26.31 
14.25 
6.33 
Weight % 
retained 
-
1.86 
0.37 
0.69 
4.28 
5.20 
40.42 
26.47 
14.34 
6.37 
Cumulative 
Weight % 
retained 
-
1.86 
2.23 
2.92 
7.20 
12.40 
52.82 
79.29 
93.63 
100.00 
Cumulative 
Weight % 
passing 
100.00 
98.14 
97.77 
97.08 
92.80 
87.60 
47.18 
20.71 
6.37 
0.00 
Contd.. 
LOCATION: Rajaul (Left Bank) 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
in gram 
-
0.24 
0.21 
0.48 
4.10 
2.23 
36.78 
31.11 
19.51 
4.32 
Weight % 
retained 
-
0.24 
0.21 
0.48 
4.10 
3.23 
36.79 
31.12 
19.51 
4.32 
Cumulative 
Weight % 
retained 
-
0.24 
0.45 
0.93 
5.03 
8.23 
45.02 
76.14 
95.65 
99.97 
Cumulative 
Weight % 
passing 
100.00 
99.76 
99.55 
99.07 
94.97 
91.77 
54.98 
23.86 
4.35 
0.03 
LOCATION: Pandrawal (Right Bank) 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.06 
0.06 
Weight 
retained 
m gram 
-
2.68 
0.18 
0.29 
3.05 
6.12 
41.96 
24.39 
15.15 
5.55 
Weight % 
retained 
-
2.69 
0.18 
0.29 
3.06 
6.15 
42.22 
24.54 
15.24 
5.85 
Cumulative 
Weight % 
retained 
-
2.69 
2.87 
3.16 
6.22 
12.37 
54.59 
79.13 
94.37 
100.24 
Cumulative 
Weight % 
passing 
100.00 
97.31 
97.13 
96.84 
93.78 
87.63 
45.41 
20.87 
5.63 
0.00 
Contd. 
LOCATION: Deogawan (Right Bank) 
Mesh 
No. 
20 
25 
35 
45 
60 
80 
120 
170 
230 
Pan 
Size in 
(mm) 
0.84 
0.71 
0.50 
0.35 
0.25 
0.17 
0.12 
0.08 
0.08 
0.06 
Weight 
retained 
in gram 
-
0.21 
0.19 
0.52 
3.15 
4.51 
37.19 
29.77 
18.32 
5.03 
Weight % 
retained 
-
0.21 
0.19 
0.52 
3.18 
4.55 
37.55 
30.05 
18.49 
5.07 
Cumulative 
Weight % 
retained 
-
0.21 
0.40 
0.92 
4.10 
8.65 
46.2 
76.25 
94.74 
99.81 
Cumulative 
Weight % 
passing 
100.00 
99.79 
99.60 
99.08 
95.90 
91.35 
53.80 
23.75 
5.26 
0.19 
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APPENDIX V 
AQUIFER PARAMETERS (Calculated from the State 
Tubewells data) BY LOQAFl's FORMULA. 
SI. 
No 
1. 
2. 
3. 
4. 
5. 
6 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
Loca t i on 
Atrasi 
Roradip 
That! 
Hisampur 
Chandanpur 
Faridpur 
Bhakrauli 
Sheikupur 
Jirajpur 
Dabaka 
Jahanglrabad 
Ahar 
Ramghat 
Dibai 
Akbarpur 
Akabas 
Daultpur Kurd 
Dubari Kalan 
Jatwal 
Noorpur 
Pathakpur 
Gaudipur 
Bakarpur 
Muzaffarpur 
Karimpur 
Behjoj 
Allapur 
Madayani 
Sultanpur 
Bahadurpur 
Ahmedgarh 
Hasanpur 
Ratanpur 
Bhimpur 
Bagsara 
Danpur 
Ludhpura 
Thickness 
of aquifer in 
(m) 
35.05 
47.23 
33.53 
36.82 
49.54 
60.68 
33.39 
20.70 
19.71 
24.6 
21.36 
35.35 
23.4 
22.4 
32.4 
17.12 
29.9 
24.30 
22.6 
44.92 
29.37 
44.34 
64.62 
50.60 
34.44 
36.96 
59.04 
3204 
52.21 
36.71 
26.50 
28.97 
36.28 
38.10 
36.87 
35.96 
28.63 
Discharge 
(mVday) 
5241.2 
7881.51 
6346.1 
5941.30 
8461.7 
10124.0 
7542.81 
2943.11 
4320 
3821.9 
3105.2 
3365.39 
5021.41 
4217.4 
4847.04 
4775.76 
3476.3 
5683.4 
3359 34 
4455.22 
4320 
2080.8 
4579.5 
4454.93 
3859.89 
3456 
4665.6 
4838.4 
4013.84 
4838.4 
4524.48 
6177.6 
5745.6 
3856.32 
2187.36 
3287.52 
3816 
Draw 
Down 
(m) 
7.31 
5.92 
6.36 
6.69 
4.62 
3.62 
5.0 
5.6 
6.9 
5.4 
5.0 
5.6 
5.7 
5.4 
5.7 
6.3 
5.4 
5.6 
4.85 
3.05 
5.00 
3.96 
4.10 
3.05 
7.38 
4.5 
4.54 
5.41 
2.44 
4.87 
4.57 
6.09 
7.92 
3.50 
4.57 
4.27 
5.52 
Speci f ic 
Capaci ty 
(mVday/m) 
716.99 
1331.34 
997.81 
888.10 
1831.54 
2796.68 
1506 56 
525.56 
626.10 
707.76 
621.04 
600.96 
880.95 
781 
850.36 
758.06 
643.76 
1014.9 
692.65 
1460.73 
864 
525.45 
1116.95 
1460.62 
523.02 
768 
1027.67 
894.34 
1646.02 
993.51 
990.04 
1021.10 
725.45 
1101.81 
478.65 
769.91 
691.30 
Transmis-
ivity 
(m^/day) 
874.73 
1624.23 
1217.33 
1083.43 
2234.5 
3411.95 
1840.44 
641.18 
763.83 
863.47 
757.7 
733.17 
1074.76 
952.82 
1037.44 
924.83 
785.4 
1238.17 
845.03 
1782.1 
1330.91 
641.05 
1362.68 
1781.97 
638.01 
936.96 
842.35 
1091.1 
2006.92 
1212.10 
1207.85 
1237.55 
885.05 
1344.20 
583.93 
939.29 
843.39 
Permea-
bility 
(m/day) 
24.96 
34.40 
36.31 
29.43 
45.11 
56.23 
55.12 
30.97 
38.75 
35.10 
35.50 
20.74 
45.9 
42.54 
32.02 
52.02 
26.27 
50.95 
37.39 
39.67 
45.31 
14.46 
21.09 
35.22 
18.53 
25.35 
14.27 
34.05 
38.44 
33.02 
45.58 
42.72 
24.40 
35.28 
15.84 
26.12 
29.46 
Yield 
Factor 
(m/day) 
20.46 
28.19 
29.80 
24.12 
36.97 
46.1 
45.2 
25.4 
31.77 
28.77 
2907 
17.00 
37.65 
34.87 
26.25 
44.28 
21.53 
41.76 
30.65 
32.52 
29.42 
11.85 
17.28 
28.87 
15.19 
20.78 
17.41 
27.91 
31.51 
27.06 
37.36 
35.25 
18.95 
28.92 
12.98 
21.41 
24.15 
APPEnDIX VIA 
Pumping test data of Danpur (Right bank tract) 
SI. No. Time (t) Draw downobserved in different observation 
pumping wells (in metres) 
started in " 
minutes. Obs. well Obs.well 
No. 1 No. 2 
1. 
2. 
3 . 
4 . 
5. 
fi. 
7. 
8. 
9. 
10. 
11 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
0 . 0 
0 .5 
1 .0 
1 .5 
2 .0 
2.ri 
3 . 0 
3 . 5 
4 . 0 
4 .5 
5 .0 
5 .5 
6 . 0 
6 .5 
7 .0 
7 .5 
8 .0 
8 .5 
0 .0 
0.07 
0.11 
0.13 
U.14 
(l . in 
0.16 
0.17 
0.175 
O.IB 
0.18 
0.19 
0.19 
0.195 
0.200 
0.200 
0.205 
0.205 
0 .0 
0 .0 
0 .0 
0.035 
0.040 
o.or. 
0.06 
0.065 
0.07 
0.07 
0.075 
0.075 
0 .08 
0.085 
0 .09 
0 .09 
0 .09 
0.095 
- 2 -
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
30. 
40. 
41. 
42. 
9.0 
9.5 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
26.0 
27.0 
2(1. U 
29.0 
30.0 
32. 
0.205 
0.205 
0.21 
0.22 
0.22 
0.225 
0.23 
0.23 
0.23 
0.235 
0.24 
0.24 
U.245 
0.25 
0.25 
0.25 
0.25 
0.255 
0.26 
0.26 
n.2(i 
0.26 
0.265 
0.265 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0, 
0, 
0, 
0 
0 
0 
0 
0 
0 
0 
u 
0 
0 
0 
095 
100 
100 
105 
105 
11 
11 
115 
,12 
,125 
.125 
.13 
.13 
.13 
.135 
.135 
.140 
.14 
.145 
.145 
.15 
.15 
.15 
.155 
- 3 -
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51 . 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61 . 
62. 
63 . 
64. 
65. 
34 .0 
36 .0 
3 8 . 0 
40 .0 
4 2 . 0 
44 .0 
4 6 . 0 
48 .0 
50 .0 
5 2 . 0 
5 4 . 0 
56 .0 
5 8 . 0 
6 0 . 0 
6 5 . 0 
7 0 . 0 
7 5 . 0 
BU.O 
8 5 . 0 
9 0 . 0 
9 5 . 0 
100 .0 
105 .0 
0 .27 
0 .27 
0 .27 
0 .27 
0 .28 
0 .28 
0 .28 
0 .28 
0 .28 
0 .28 
0 .28 
U.28 
0 . 2 9 
n .29 
0 . 3 0 
0.31 
0.31 
0 .315 
0 . 3 2 
0 . 3 2 
0 . 3 2 
0 .325 
0 . 3 2 
0.16 
0.16 
0.16 
0.16 
0.165 
0.17 
0.17 
0.17 
0.175 
0.175 
0.18 
0.18 
0.18 
o.in 
0.19 
0.19 
0.195 
0.20 
0.20 
0.20 
0.21 
0.215 
0.22 
- 4 -
GG. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
110.0 
115 .0 
120 .0 
125 .0 
130 .0 
135 .0 
140 .0 
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APPEMDIX VIB 
Pumping test data of R^'pura (Left bank tract) 
SI. No. 
1. 
2. 
3. 
4. 
5. 
6. 
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